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In an article on p. 81, Mr. J. W. Sparke discusses a new 
visual-glide-path indicator system designed to improve the 
visual means of assessing an aircraft’s angle of descent 
when making an approach to land. On p. 108, Mr. J. M. 
Walker describes a fully automatic aircraft-landing 
approach using a radio beam, in which an aircraft is 
controlled until, at a height of 200ft, the pilot takes over 
for the actual touch-down 
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MAGNETOHYDRODYNAMICS 


YDRODYNAMICS is the science of fluid flow, and 

magnetohydrodynamics (m.h.d.) is the study of 
the flow of electrically conducting fluids in magnetic 
fields. The basic principles are not new: they are embodied 
in Fleming’s right-hand (dynamo) and left-hand (motor) 
rules, the metallic conductor being replaced by a conduct- 
ing fluid. An electromagnetic pump for liquid metals is a 
simple form of m.h.d. motor. 

Much more advanced m.h.d. propulsion systems, 
using atmospheric gases raised to high temperatures, 
have been proposed for satellite orbit-control. The 
English Channel is an m.h.d. generator, of a rather 
inefficient kind, as the flow of the tides through the 
Earth’s magnetic field generates small currents. On an 
even larger scale, the Earth’s field itself is now thought 
to be generated magnetohydrodynamically by currents 
in the liquid-metal core of the Earth. 

Magnetohydrodynamics, as a rather abstruse subject 
in its own right, had its birth in the stars, and was 
developed by Alfvén, Cowling and others more than ten 
years ago to study cosmical problems concerned with the 
flow of ionized gases. More recently it was found that 
the magnetohydrodynamic theories of the astrophysicists 
were just what was wanted to elucidate the instabilities 
and other phenomena occurring in the highly-conducting 
plasmas of Zeta and similar thermonuclear machines. 

The present concept of an m.h.d. generator, however, 
does not involve thermonuclear temperatures of hundreds 
of millions of degrees with the attendant formidable 
problems, but merely temperatures of several thousand 
degrees, sufficiently high to render the gas a good 
conductor. A jet of the hot gas, generated in a more or 
less conventional combustor, would be discharged at 
high velocity through a magnetic field. Electrical energy 
could then be extracted from electrodes set at right- 
angles both to the magnetic field and to the gas flow. 

This ‘direct’ generation is an attractive possibility, 
because the working fluid itself would generate electricity 
and not, as in the conventional turbo-alternator, drive a 


turbine which then had to move another system of 
conductors through a magnetic field (or a magnetic field 
through a system of conductors). Another advantage of 
the m.h.d. generator is that the hot gases do not impinge 
on any moving parts. Accordingly, some of the problems 
associated with high-temperature turbines, such as 
vibration and the necessity to maintain close mechanical 
tolerances or clearances, would not arise. 

On the debit side, no one underestimates the magnitude 
of the engineering problems involved in producing very- 
high-velocity high-temperature gas jets and intense 
magnetic fields. There is the serious difficulty of making 
the gas a sufficiently good conductor at a practicable 
temperature. The conductivity can be improved by 
‘seeding’ the gas with an alkali-metal vapour of low ioni- 
zation potential such as caesium or potassium. But even 
with this artifice, the conductivities obtained experimen- 
tally are less than Imho/cm at 4000°F (2500°K)—copper 
has a conductivity a million times higher than this. 

Another difficulty is that, as the gas cools, its con- 
ductivity decreases rapidly. It is therefore possible to 
remove only a part of the energy of the hot gas. The 
m.h.d. generator must accordingly be used as a first-stage 
machine exhausting into, say, a conventional gas turbine. 

‘Although there are no moving parts in the m.h.d. 
generator, the electrodes must be in contact with the 
high-velocity hot gases, and it is necessary to find 
electrically-conducting materials which will withstand 
these conditions. In laboratory experiments, the electrodes 
are sometimes destroyed in a few seconds. There would 
also be difficulties in constructing a high-temperature 
gas source of adequate life. Materials which will function 
for a few seconds in a rocket, or even for some hours in a 
jet engine, will not serve for a power station. 

The m.h.d. generator as visualized above would 
produce direct current; possibly, direct current will be 
required by the time m.h.d. machines are in operation, 
but if not, there would seem to be no reason why the jet 
should not be pulsed to give an a.c. output. Alternatively, 
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the d.c. output could be converted to alternating current 
by using high-voltage solid-state inverters, which may 
well become available before m.h.d. generators and 
provide a more economical method of conversion than 
the existing. mercury-arc valve convertors. 

There is widespread interest now in m.h.d. and much 
activity in research laboratories in many countries. 
Machines in the kilowatt range have been made to 
work in the laboratory, and design studies are being 
made of plant in the megawatt range. 

These studies indicate that the m.h.d. generator 
becomes more efficient and economic as the size of the 
plant increases, so that it is a development in keeping with 
the present trend of very large units in power stations. 





Possibly the m.h.d. generator will provide an intermediate 
stage between the existing mechanical/electrical energy. 
conversion system and thermonuclear generation. 

The interest and importance of the topic have prompted 
the Committee of the Supply Section of The Institution 
to devote a meeting to it in the second half of the present 
session. The meeting will take the form of a general 
discussion on ‘Magnetohydrodynamic generation of 
electricity’, opened by Dr. P. L. Davies and Dr. D. J, 
Harris. It will be held at Savoy Place on Wednesday, 
15th March 1961, at 5.30 p.m. 

Dr. Harris reviews the possibilities for power genera- 
tion in his article ‘Electric power from gas jets’ on p.84 
of this issue of the Journal. 





WINKFIELD MINITRAGK STATION 


HE installation nearing completion at Winkfield, Berkshire, 

known as a minitrack station, has two functions—the 
determination of the direction of satellites as a function of 
time, and the recording of telemetry data from satellites. 
The station is interested in the non-military aspects of space 
research, and is designed to operate in the frequency band 
136-137 Mc/s, although facilities are provided for telemetry 
at around 108 Mc/s. 

The equipment has been supplied on loan by the National 
Aeronautics and Space Administration of the United States 
Government, and is manned by staff of the Radio Research 
Station of the Department of Scientific and Industrial 
Research. 


Interferometer systems 


‘Fine’ aerials, comprising eight horizontal co-linear 
elements connected in phase, are accurately placed at the 
corners of a square whose diagonals are positioned along the 
N-S and E-W directions. These form an interferometer. 
The phase-measuring equipment connected to the aerials 
provides the accurate values of the fractional part of 360° 
involved in the phase difference. ‘Ambiguity’ aerials, five in 
number, are necessary to measure the integral number of 
360° involved. 

The phase difference can be converted to give the angle 
in space of a satellite. 

There are two separate interferometers—one for signals 
from a few degrees on either side of a N-S vertical plane, 
and the other for signals from a corresponding zone on 
either side of an E-W vertical plane. Either can be connected 
to the receiver. 

Six phase-difference measurements are necessary, and the 
receiver has thus to be provided with six channels. Each 
measurement is finally presented in two ways, as a direct 
analogue voltage and in digital form. 

A crystal clock provides timing marks, to an accuracy 
within about one-thousandth of a second, on the paper charts 
on which the phase differences are recorded. 
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Telemetry 

Telemetry experience has been gained using 108Me/s 
signals from the Explorer 8 satellite; the equipment used 
is representative of that to be employed for 136-137 Me/s, 
and comprises a remotely-controlled beamed aerial, a receiver 
and an 8-channel magnetic-tape recorder. The aerial consists 
of 9 Yagi aerials ina 3 x 3 array (see illustration). 


Steerable telemetry aerial, used for receiving transmissions 
from satellites 
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An electrical engineering review 


AIRFIELD LIGHTING: VISUAL-GLIDE-PATH INDICATOR SYSTEM 


628.971 : 629.135: 621-52 


HEN an aircraft operator re-equips, the new aircraft 
WE almost invariably larger and heavier and have 
higher approach speeds than those being replaced. This 
means that, as time goes on, there is a continuing tendency 
for transport aircraft to become less manoeuvrable during 
the approach-to-land phase. To maintain or improve the 
present landing-accident rate* implies that these new, 
less manoeuvrable, aircraft must be flown to the same or 
better limits of accuracy during their approach to land 
than were their predecessors. It follows, therefore, that 
the information used to guide the aircraft along the 
nominal approach path, and/or the control response to 
this information, must be improved. 


Why visual? 

Recently there has been widespread reference in the 
Press to the development of a successful automatic 
landing system, and the question may well be asked—is 
it worth while trying to improve methods of visual 
guidance? The answer is, very decidedly, yes. This is so 
because, however successful any auto-land system may 
be, it is quite certain that, owing to its cost and the 
difficulties of installing the equipment, for many years 
all but a negligible proportion of civil-aircraft landings 
will be entirely visual or else visual for roughly the final 
mile before touch-down, following an instrument or 
automatic approach. 

Accidents at landing are of two types: those due to 
mechanical failures in the aircraft, and those due to 
defects in the guidance information or the response to 
it. The majority of accidents are due to the latter cause, 
and in many the deficiency is either totally or partially 
associated with the visual-guidance information. Of 
these, most cases occur because of a deficiency in the 
vertical or pitching plane, i.e. because of deviations from 
the nominal glide-path. This is why airlines all over the 
world are showing an active and increasing interest in 
visual-glide-path systems. 


Requirements 


Most civil and military airfields are already equipped 
with an optical device known as an angle-of-approach 
indicator (A.A.I.), which takes the form of a three- 
colour sector light placed just beyond the runway 
threshold. To an approaching aircraft, this device gives 
an amber signal if the aircraft is too high, a green 


* In civil-transport operations, about two or three landings in every million 
Tesult in an accident 
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This article outlines the fundamental reasons for the 
rapidly increasing demand from aircraft pilots for the 
provision of improved visual means of assessing their 
angle of descent when making an approach to land. The 
requirements of such visual landing aids are briefly dis- 
cussed, and a new system is described which, although 
at present in use at only a few U.K. airfields, may soon be 
adopted on a world-wide basis. Mr. Sparke is at the 
Royal Aircraft Establishment, Farnborough. 


J. W. SPARKE 





signal if it is on or near the nominal glide-path, and a red 
signal if it is too low. This equipment is essentially the 
same as the A.A.I. lighting equipment which was installed 
at military airfields during the latter half of the Second 
World War. 

It is generally accepted that in present-day operating 
conditions this lighting equipment is ineffective, one 
reason being the difficulty of identifying these com- 
paratively low-intensity lights against a background of 
high-intensity approach and runway lights. However, 
increasing the intensity of the lighting equipment would 
only ensure that the signals were capable of being seen 
by the pilot, which would not necessarily mean that he 
would always have sufficient confidence in the correctness 
of the indications to respond to them. 

It is now believed that, for a visual aid of this type, not 
only must the equipment be completely reliable, but, 
equally important, it must be obvious to the pilot that 
the equipment cannot give misleading indications. This 
means that reliance must not be placed on single optical 
units but that a number of independent units must be 
provided, each giving the same information, i.e. the 
system must be self-monitoring in the sense that the 
random disturbance of any unit (or units) would be 
immediately obvious to the pilot of an approaching 
aircraft. 

The best arrangement for a group of units required to 
give vertical information is a row running transverse to 
the runway direction. Such an arrangement promotes 
easy identification of the lights and also provides a 
horizontal reference which assists the pilot in appreciating 
his bank attitude. As to the units themselves, they must 
be reliable and of adequate output to be seen at useful 
ranges by day as well as by night, and they must be 
reasonably simple and cheap to make since they will be 
required in considerable numbers. 
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New system 


A new visual-glide-path indicator system, designed to 
meet the requirements outlined above, has been developed 
at the Royal Aircraft Establishment. This new system uses 
sector lights giving two colours (red and white) instead 
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1 Optical system of two-colour indicator 





2. Plan lay-out for two-colour system 
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of the conventional three colours. Fig. 1 shows the 
optical arrangement of one of the units. It will be seen 
that, by accepting a division between the two sectors 
that is not very sharp, a very simple optical design has 
been made possible. This arrangement enables com- 
paratively high intensities to be achieved and has the 
additional important advantage that the image-forming 
element, the slot, is not subject to interference from 
condensation, rain, etc. as is the case when a lens is used. 
In plan, the units are roughly square and accommodate 
three 200watt lamps of the sealed-beam type, side by 
side. The maximum intensity is of 
the order of 60000 candelas in the 
white sector and 12000 candelas in 
the red sector, and this results in 
useful ranges, of the order of four 
miles by day and considerably 
more by night, being achieved. 
The glide-path system uses 12 of 
these units laid out in the form of 
two split rows straddling the run- 
way, as shown in Fig. 2. As for 
other types of airfield lighting, 
power is supplied through a series- S00ft runway 
P . . > threshold 
loop circuit. In this case, two inde- 
pendent series loops are used, one 
loop feeding a pair of half-rows 
on one side of the runway and 
the second loop feeding the other pair. Each lamp 
operates through its own series isolating transformer. 
All the units in one row are set at the same angle of 
elevation, but those in the row nearer the runway end 
are all set slightly lower than the other row. The result is 
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that, in elevation, the approach air-space is divided 
vertically into three main sectors. In the upper sector, 
both rows of lights are white; in the centre sector, which 
embraces the nominal glide-path plane, one row is white 
and one red; and in the lowest sector, both rows are red, 
This is shown in Fig. 3. 

Because the units do not give a sharp division between 
the red and white sectors, the centre or ‘on glide-path’ 
sector is bounded above and below by transition sectors 
where one row of lights is neither definitely red nor 
definitely white but a mixture of the two, i.e. pink. In 
practice, these transition sectors form an advantage 
rather than a disadvantage since, when closing the glide- 
path from below as would be the normal procedure, 
the ‘pink’ sector gives warning that the aircraft is 
approaching the nominal glide-path. 

One further point which should be noted is that with 
this arrangement of lights the ‘on glide-path’ sector is 
really a channel rather than a true sector. The upper and 
lower limits of this channel are very nearly parallel, and 
this has the important advantage that the sensitivity of 
the system with respect to the vertical displacement of 
the aircraft from the nominal glide-path (or glide-path 
coupling, as it is called) is very nearly constant at all 
ranges. The significance of this is that the coupling is 
not too slack at large ranges or too tight at small ranges, 
faults which are invariably found in any system in 
which the height band of the ‘on glide-path’ sector 
shrinks to zero at ground level. 


Future prospects 


At present, this new lighting aid is installed at only a 
few civil and military airfields in the United Kingdom. 
Its successful performance, coupled with its moderate 
cost, suggests that its installation may soon become 
world-wide. 

The addition of this V.G.P.I. system, as it is called, is 
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ground level 


3 Colour sectors defined by two-colour glide-path indicator system 


particularly appropriate where the visual-approach 
conditions are known to be difficult, i.e. where there is 4 
greater probability of a landing accident. Such conditions 
arise where the approach is over water or over sloping 
or featureless terrain. Another condition, which is often 
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associated with an over-water approach, is where the 
runway at one or both ends finishes near a cliff edge and, 
in addition, may be of marginal length for some of the 
aircraft which have to use it. A ‘cliff’ or wall only a foot 
or so high has been known to cause a major disaster to 
an undershooting aircraft. 

Alternatively, it may be argued that the addition of 
the V.G.P.I. system may be justified on the grounds of 
high traffic density and the inclusion in this traffic of 





large jet aircraft. The following view was expressed at a 
recent International Air Transport Association con- 
ference in Amsterdam relating to the amount of traffic 
which it was considered would justify the installation 
of V.G.P.I. equipment: ‘because of the dangers and cost 
involved in undershoot and overshoot accidents (and 
because of the relative cheapness of V.G.P.I.’s), a landing 
frequency of once per year by large jet aircraft would be 
sufficient justification’. 





REPORT OF THE MEETING OF THE COUNCIL OF 
THE INSTITUTION ON THE 5th JANUARY 1961 


fp following summary of reports received and decisions 
reached by the Council of The Institution at their meeting 
on the Sth January 1961 is issued on the authority of the 
President in a form approved by the Council. It will be 
understood that this report does not purport to be a complete 
account of the matters discussed at the meeting, as some 
items are to be the subject of further discussion by the 
Council. 


Membership 

The Council gave final confirmation to the election of 
those candidates whose names had been published with the 
November 1960 Journal, to become effective from the 
Ist January 1961. Taking these into account, the total 
membership at that date was 46770. 


Honours conferred on members 


A list of the names of members appearing in the New 
Year Honours List (see p.127) was read, and the Council 
directed that letters of congratulation should be sent to the 
recipients. 

It was also reported that Mr. Robert Somerville, Clerk to 
the Council of the Duchy of Lancaster, had been created a 
Knight Commander of the Royal Victorian Order, and it was 
directed that the Council’s congratulations be conveyed 
to him. 


University of Melbourne 


It was directed that a congratulatory message be sent on 
behalf of the Council to the University of Melbourne, who 
would be celebrating the centenary of engineering teaching 
at the university in February—March 1961. 


Cambridge management courses 


In 1958, representatives of the Council and of the British 
Institute of Management collaborated in planning courses 
in management studies for engineers, and, the general plan 
having been approved by both bodies, an approach was made 
to Cambridge University. 

It was reported that it was now intended that the first of 
these courses should be started at Churchill College in 
September 1961. 
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Examination Regulations 


Mr. C. T. Melling, Chairman of the Examinations Com- 
mittee, introduced the Committee’s recommendation for a 
proposed amendment to the Examination Regulations 
relating to the exemption allowed to graduates in sciences 
other than electrical engineering. 

This revision had been occasioned by the decision of the 
Council in September 1960 that an approved honours degree 
in physics should be accepted as a qualification for Graduate 
membership. The amendment received the Council’s 
approval. * 


The Institution of Engineers, Ceylon 


The Council also approved the Examinations Committee’s 
recommendation that a request from the Institution of 
Engineers, Ceylon, to make use of the Institution Examina- 
tion Part II as a qualifying examination be granted. 

It was the intention that the Institution of Engineers, 
Ceylon, would present a block entry of candidates for 
examination, the papers being set and marked by The Institu- 
tion’s examiners and the pass list being prepared by The 
Institution’s Examinations Committee. The normal examina- 
tion fees would be payable in respect of these candidates, and 
the suggested procedure was acceptable under the terms of 
Bye-law 69. 


London Graduate and Student Section 


The Council approved a recommendation of the Graduate 
and Student Activities Committee, introduced by Dr. H. G. 
Taylor, representative of the Council on the London Graduate 
and Student Section, that the constitution under which the 
London Section Committee operated should be modified so 
as to improve continuity and to allow the appointment of 
representatives on a ‘fields of industry’ basis. 


University of Canterbury, New Zealand 

The Council gave their authority for the gift by The Institu- 
tion of a copy of a film of Lord Rutherford to the University 
of Canterbury, New Zealand, for their library. 


* Copies of the Regulations may be obtained on application. An article describing 
the changes will appear in a forthcoming issue of the Journa 
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ELECTRIC POWER FROM GAS JETS aazs1s12:0215s: 


This article describes how kinetic energy from a high- 
velocity gas jet can be converted directly into electrical 
energy. The jet is made electrically conducting and allowed 
to interact with a transverse magnetic field, with subsequent 


braking of the gas. Dr. Harris is in the Department of 


Electrical Engineering at the University of Sheffield. 


D. J. HARRIS, B.SC.(ENG.), PH.D., 
ASSOCIATE MEMBER 





E po consideration of new methods of generating 
electric power is no mere academic exercise, for the 
availability of ‘distributable power’ is an important key 
to the economic growth of society. Nearly 100000 million 
kWh of electrical energy are generated each year by the 
Central Electricity Generating Board, and the demand 
is steadily increasing; yet the over-all efficiency of a 
modern power station is little more than 30%. Any 
method of raising this efficiency would obviously be of 
tremendous importance. 

The major loss of energy in the conventional genera- 
tion process occurs during the conversion of thermal to 
mechanical energy, that is, in the turbine stage. This loss 
can be reduced by increasing the temperature of the 
‘working fluid’, usually steam, but there is a limit to 
progress in that direction. Moving parts of the turbine 
work at very high mechanical stress, and the choice of 
material and its working temperature are limited by the 
requirements of high tensile strength. 
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1 Schematic of open-cycle generator 





The concept of omitting the turbine stage, the working 
fluid being made electrically conducting so that it can 
interact directly with a magnetic field to generate electric 
power, is not new. Inventors were attracted to its 
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potentialities nearly 50 years ago, but experimental work 
following up these ideas has only recently been reported, 

This recent revival of interest in such a generation 
method has been due largely to the development of new 
materials and jet techniques. A scheme which dispenses 
with both turbine and conventional electric generator, 
and allows direct transfer of energy from the working 
fluid to an electric circuit, has the advantage of sim- 
plicity and the possibility of a high efficiency, since no 
moving parts at high stress are required and therefore 
high-melting-point materials, e.g. ceramics, can be used. 

A schematic of the generation process is shown in 
Fig. 1. The gas is preheated and then raised to a high 
temperature in a combustion chamber, expansion through 
an appropriate convergent-divergent nozzle resulting 
in a high directed velocity. The high temperature could 
be obtained by burning pulverized coal or fuel oil in 
the gas as in a normal jet engine, or by using a high- 
temperature nuclear pile. 

Interaction between the high-velocity jet and a mag- 
netic field is obtained by converting the gas to a poor 
but significant electrical conductor. If the interaction is 
sufficient, the gas will be braked by the magnetic field, 
with a subsequent transfer of energy from the jet to an 
electric circuit when conditions permit. Thus, the 
electrically conducting jet itself performs the function of 
the rotor conductor in a normal electric generator. 


The gas jet 

High-velocity-gas-jet techniques are well established, 
and jet conditions of gas velocity 1000m/s, temperature 
2000°C, and pressure 0-latm are typical of what can 
be achieved. In the production of a suitable jet, there is 
a choice between a closed and an open cycle, and between 
continuous and pulsed operation. The closed cycle uses 
indirect heating of the gas, which is recompressed at the 
end of the generation process and returned to the 
heating chamber; whereas fuel combustion takes place 
directly in the air, which subsequently forms the jet, in the 
open cycle. 

Although the obtainable temperature in the closed 
cycle is lower than that in the open cycle, the closed 
cycle allows a free choice of the gas used and does not 
result in the products of combustion (many of which are 
electron-attaching and reduce the conductivity) being 
present in the jet. Pulsed operation allows higher 
operating temperatures during the pulse, and makes 
possible new induction-energy-transfer schemes. Valveless 
resonator combustion chambers—‘organ-pipe jet engines’ 
as used in the V1 flying bomb—would allow operation at 
hundreds of cycles per second. 
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Introduction of charged particles 


Initially, the gas jet consists of uncharged gas molecules 
only, and there would be no interaction with electric or 
magnetic fields. Electrically charged particles must there- 
fore be introduced into the gas jet to make it electrically 
conductive, and several ways exist for doing this. A beam 
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2 Generator using transverse magnetic field 


The transverse magnetic flux density B produces an e.m.f. between 
the emitting and collector electrodes. Electron emission is sym- 
bolized by e 





of energetic charged particles, e.g. electrons, injected 
into the jet, will undergo ionizing collisions. An electron 
beam of 250keV energy will result in only about one in 
a thousand of the jet particles being ionized, however, 
for a jet cross-section of one square metre, even if the 
process is completely efficient. 

Very high electric fields in the jet region would result 
in the initiation of a gas discharge and charged-particle 
production. High-frequency alternating fields have the 
advantage of requiring no electrodes in the gas. Alter- 
natively, a high direct voltage on thin wires could be 
used to produce ionization, as in an_ electrostatic 
precipitator. Both beam and high-electric-field methods 
require the feedback of electric power from the output 
of the generator. For a typical air jet, even if all the energy 
in the jet were used efficiently for ionization, only 3% of 
the gas would be ionized. Thus, the degree of ionization 
practically realizable is restricted to a fraction of one 
per cent. 

A third possibility is to use the high temperature of 
the jet to produce thermal ionization of some of the jet 
molecules. For the usual jet constituent gases, this 
thermal ionization is negligible. If low-ionization- 
potential elements, e.g. potassium, sodium or caesium, 
are introduced into the jet, however, this thermal 
ionization can be appreciable. Calculations based on the 
Saha equation indicate that, for a 1% addition of potas- 
sium to an air jet and a temperature of 2000°C, a degree 
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of ionization of 0-1% is obtained, corresponding to an 
electrical conductivity of about 50mhos/m. 

By comparison with a metal, this is a poor conductivity, 
being similar to that of an electrolyte, but a conductivity 
much in excess of this cannot be expected; and if the 
generation process is to succeed, use must be made of 
this medium as the moving conductor. 


Transfer of energy from the jet 


Charged particles of both polarities are introduced in 
equal numbers by the methods outlined, and the jet 
remains electrically neutral. Magnetic fields, rather than 
electric fields, have therefore been mainly considered for 
interaction with the conducting jet. Schemes suggested 
have been either charge-separation or induction methods. 
In the former, a transverse magnetic field is used to 
separate the electrons and positive ions, an electric field 
being set up in a direction perpendicular to both jet 
and magnetic-field directions. This is illustrated in Fig. 2. 

The generation method is similar to that of a con- 
ventional electric generator, an electric current through 
the gas corresponding to the rotor conductor current 
and resulting in a braking force on the gas. Electrons 
have to be introduced continuously from one electrode 
to maintain neutralization in the gas and give current 
continuity in the output circuit. The electric field pro- 
duced in the generator is calculated as usual as the 
product of conductor velocity and magnetic flux density ; 
e.g. for a flux density of 1 weber/m? and a jet velocity 
of 1000m/s, an electric field of 1000 volts/m is generated. 
Generator configurations using an annular jet and a 
radial magnetic field, in which the generated e.m.f. is in 
the axial direction, have also been suggested. 

Induction generators rely on coupling between circum- 
ferential alternating currents set up in the gas and induced 
currents in an external coaxial coil. No electrodes are 
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3. Variable-inductance generation method 


Bz is the axial magnetic flux density at the centre of the coil; 
Ic and /g are coil and gas circumferential electric currents respec- 
tively. The form of /g will be modified by the effect of collisions 
in the gas 





then required in the jet itself, which is a great advantage 
since thermionic-emission problems are obviated. The 
circumferential gas currents may be produced by an 


85 


applied alternating radial magnetic field, when the jet 
would need to be annular with a central axial pole-piece. 

An attractive alternative is to use a pulsed jet with the 
gas moving along the axis of a large air-core coil through 
which a current is passing. If the product of jet con- 
ductivity and pulse frequency is sufficiently large, there 
will be a change of effective inductance of the coil, owing 
to the reduced penetration of magnetic flux into its core 
area when the pulse of conducting gas is introduced. 
An inductance change of a few per cent can be expected 
at pulse frequencies of several hundred cycles per 
second. 

If a direct current is initially flowing in the coil, this 
inductance change corresponds to a change of stored 
energy, and it can be shown that there is a net extraction 
of energy from a pulse of the jet when it passes through 
the coil. The currents and magnetic field are shown in 
Fig. 3, together with their variation with time as a pulse 
of conducting gas passes through the coil. 


Parametric principle 

An alternative scheme uses the parametric principle, 
in which the inductive coil is made to resonate with a 
capacitor, the resonant frequency being half that of the 
jet-pulse-repetition frequency. The periodic change of 
effective inductance, which is increased at coil-current 
maxima and decreased at coil-current zeros, results in a 
build-up of energy in the resonant circuit and dissipation 
in any load placed in series with the coil and capacitor. 
This latter scheme has the advantage that it is self- 
exciting, provided that the circuit resistance is less than 
the product of jet-pulse frequency and inductance change. 

A practical generator of the variable-inductance type 
would consist of a tube of high-melting-point insulating 
material, e.g. silica or ceramic, through which the jet 
pulses would pass, the energy-transfer coil being situated 
on the outside of the tube. A series of coils might be 
necessary to give effective energy transfer. The scheme 
offers the advantages of great simplicity, high working 
temperature and low thermal losses from the jet. 

It must be appreciated that a very small fraction of the 
jet molecules are ionized—considerably less than 1 °,— 
and that it is only the charged particles that interact 
directly with the magnetic field. For a generator with 
useful efficiency, there must therefore be an effective 
mechanism for transferring energy from the uncharged 
to the charged particles, and hence to the electric circuit. 
It will be the electrons which are most effectively braked 
by the magnetic field, but, owing to the large mass 
disparity, they will not be very effective in causing 
transfer of energy from the gas molecules. Positive ions 
will be much more effective in this energy transfer, but 
their relatively low mobility will result in their being less 
effectively braked. 

It may well be that both electrons and positive ions 
will play an important role, the former in the interaction 
with the magnetic field and the latter in reducing the 
kinetic energy of the jet-stream molecules. Coulomb 
attraction forces between the electrons and positive 


ions may act as a link between the two processes. The 
electric field associated with this separation of charge 
may well be too great to be withstood by the gaseous 
insulation, however, and this could set an upper limit 
to the rate at which energy can be transferred from the 
gas jet. 


Generator feasibility 


There is little doubt that a suitable gas jet could 
be set up for continuous or pulsed operation, that 
a fractional ionization of tenths of 1% could be 
achieved in the gas, and that the energy of this small 
fraction of the gas particles could be transferred to an 
electric circuit by one of the schemes outlined. The 
eventual feasibility of a practical generator will depend 
largely on whether the energy can also be transferred 
from the uncharged particles, since otherwise the 
efficiency of the generation process cannot be greater 
than the percentage ionization. 

No positive answer to this question is at present 
available. Experimental generators, producing 10 and 
1kW respectively, have been built and reported by two 
American firms. Both generators use the simplest con- 
figuration of a continuous jet and a transverse magnetic 
field, but the degree of ionization of the jets has not 
been published. 

Active interest in the great possibilities of the scheme 
has now been aroused in this country. Several different 
types of experiment need to be performed. On a labora- 
tory scale, the effectiveness of the different jet-braking 
methods could be investigated, using jets of partially 
ionized gas of high velocity but low power; and there 
is necessity for measurement of fundamental collision 
properties (cross-sections and type of elastic scatter) for 
collisions between particles having a relatively low 
directed velocity, i.e. only of the order of the velocity of 
sound. 

There is also need for experiments of the pilot-plant 
type. While a great deal more information is required 
before the feasibility of a practical generator can be 
confidently assessed, the advantages that such a generator 
could bring are such that there is every inducement for 
further work to be done. 
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Summary 


The generation process, with its simplicity and possible 
high efficiency, is a very attractive one. An electrical 
conductivity of 100mhos/m can be obtained in the gas, 
and the energy of the charged-particle content can cer- 
tainly be transferred directly to an electric circuit. If the 
energy of the uncharged gas molecules can also be 
transferred efficiently, the scheme could well play an 
important role as an electrical-power generator of the 
future. 
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ous. ADEQUATE ELECTRIGAL INSTALLATIONS IN BUILDINGS 


HE four papers forming the symposium succeeded 
provoking a great deal of practical and useful 
discussion at Centre, Sub-Centre and Group meetings 
throughout the country. The discussions were parti- 
cularly refreshing in that, while there was no passive 
acceptance of all the views and opinions expressed by 
the authors, there was almost universal agreement that 
there was a pressing need for professional electrical 
engineers to convince architects and others responsible 
for new buildings of the growing use of electricity and 
the need of freedom to plan the installations on liberal 
lines to cope with the developments that are bound to 
come. 

It is not possible in a report of this nature to deal with 
all the points raised by the large number of contributors. 
However, by dividing the subject-matter into sections, it 
is hoped that some idea of the general tone of opinion 
will be conveyed. 


Socket-outlets 


The standard (B.S. 1363) 13amp plug and socket and 
the use of ring-circuit wiring were generally accepted as 
being the best answer so far to a problem which has 
dogged the electrical industry in this country for too 
many years. Even so, several contributors expressed a 
wish to continue the use of the 2amp socket-outlet for 
light-current appliances where, in their opinion, the 
larger 13amp accessory seemed out of scale. 

The question of mounting-height of sockets was 
brought up at nearly every meeting, and the supporters 
of skirting-board level and 18in. and 36in. above the 
floor were almost equal in numbers. The convenience of 
plug insertion at a height of 36in. was advanced by 
several contributors, but this was counterbalanced by 
the views of others that the long loop of flexible cable 
was unsightly and often got in the way. This gave some 
support to the group compromising at 18in. 

The consumers, however, seemed equally satisfied with 
whatever mounting-height had been chosen for them. 
There appeared to be a preference for switched socket- 
outlets on the score that they enabled consumers to 
isolate the supply from long-suffering flexible cables 
during night hours when they might otherwise be left live. 

The conception of what could be regarded as an 
adequate number of socket-outlets varied enormously, 
as one might well expect, but no one suggested that the 
minimal requirements put forward in the papers were 
excessive. There was evidence of confusion in the minds 
of several speakers regarding adequacy of the number 
of sockets to meet the needs of consumers as opposed to 
adequacy of convenience, i.e. a separate socket for each 
and every appliance. It is at this point that economy has 
to be studied when one is confronted with a limited 
budget. 
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A symposium on the provision of adequate electrical 
installations in buildings, arranged by the Utilization 
Section of The Institution, was presented at Savoy Place 
on the 27th November 1958 and, later, at Centre, Sub- 
Centre and Group meetings throughout the country (see 
October 1958 Journal, p. 576; January 1959 Journal, 
p. 55). Four papers were delivered: ‘Multistorey flats and 
maisonettes’ by C. A. Belcher, Member; ‘Houses’ by 
C. C. Hyams; ‘Commercial buildings’ by E. E. Jacobi, 
Member; and ‘Small industrial premises’ by J. A. Sharp. 

In this article, the author of one of the papers 
summarizes the main points of the discussions which took 
place at the various presentations of the symposium. It 
is hoped the article will give readers an idea of the 
present general opinion as expressed by contributors to 
the discussions. 


C. A. BELCHER, MEMBER 





Twin and metalclad socket-outlets 


Increasing availability of twin socket assemblies 
received unanimous approval, and there was much 
support for the idea of standardizing their use and thus 
providing more liberal facilities for a relatively small 
increase in the cost of the installation. 

It was noted that the insistence of some Area Boards 
on a minimum number of sockets in housing develop- 
ment to qualify for free services was having some effect, 
but the opinion was expressed that the standard was not 
high enough. 

Greater use of metalclad industrial-pattern sockets 
with fused plugs connected by flexible armoured cable 
was advocated for the reason that, especially on ring 
circuits, they were invaluable for supplying machines 
liable to be moved from time to time. Steel trunking 
systems lent themselves admirably to this application. 


Lighting 

Apart from some recommendations about the 2-way 
control of lights in bedrooms-—a difficult problem because 
tenants have the final word on bed positions—there was 
little comment on lighting. The generally accepted 
standards of illumination recommended by the Illuminat- 
ing Engineering Society provoked no comment; one 
presumes that industry and commerce find them 
satisfactory. 


Circuit-breakers and fuses 


The question of miniature circuit-breakers versus fuses 
received considerable attention and was raised on many 
occasions. The saving in time brought about by the 
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prompt reclosure of miniature circuit-breakers was 
mentioned by several contributors, but others suggested 
that the time taken in replacing a cartridge or even a 
rewirable fuse was a small proportion of the time 
required to trace and repair the fault which presumably 
opened the breaker. 

The view that fuses fail to safety, whereas miniature 
circuit-breakers tend to stick in at the crucial moment 
if they have suffered the ravages of time and received 
no maintenance, was expressed by several engineers. 

The increasing popularity of miniature circuit- 
breakers in other countries was mentioned, but no clear 
explanation why their adoption was comparatively slow 
in this country was given. One can only assume that 
relative cost of the two accessories has an effect, coupled 
with the doubt in some minds about prospective short- 
circuit kilovolt-amperes and the possible need for back-up 
protection by means of h.b.c. fuses. 


Wiring systems 


The rapidly increasing use of p.v.c. cables, either 
sheathed or run in conduit or trunking, appeared to 
meet with general approval. The same can be said of 
mineral-insulated cables, especially in situations subject 
to heat, e.g. boiler rooms. Several speakers feared that 
light-gauge lug-grip conduit did not provide good earth 
continuity and pinned their faith on screwed-conduit 
installations. This view seems fairly widely held, despite 
evidence from at least one large local-government 
authority that has used iight-gauge lug-grip conduit 
successfully and economically for many years in housing 
work. 

The advent of p.v.c. as an insulating medium and for 
sheathing purposes was hailed by some engineers as the 
most important advance that the cable industry had 
made for many years; several expressed the hope that 
it would be increasingly used in the construction of 
multicore cables, both armoured and plain. The 
simplicity of jointing, together with its neat, clean 
appearance and ease of handling, appealed to many. 

Further use of sheath-return earthed concentric cables 
operating on a protective multiple-earthed neutral system 
was strongly advocated by several contributors. The 
economy of copper and the use of small-diameter m.i. 
cables that this system permits make it an attractive 
alternative to conduit. 

These points were emphasized, and it is clear that this 
system is being increasingly used in parts of the country 
where the Area Boards are agreeable to its adoption. 
There is no unanimity among the Boards on this matter 
at present, and it will be interesting to see whether the 
system gains more adherents as time goes on. 

The use of purpose-made trunking for rising mains 
incorporating fuse distribution boards seems to be 
gaining ground, and some Area Board engineers made 
the point that it would be prudent to have the Boards’ 
prior approval of the design to avoid last-minute altera- 
tions to comply with their regulations, particularly as 
regards security of unmetered mains. 
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Similarly, underfloor ducting to give outlets at island 
positions was advocated by some contributors, although 
a warning was given about the risk of moisture-trapping 
and the difficulty of drainage should they become flooded, 

Many spoke in favour of adequate and unobtrusive 
housings for service fuses, meters and consumers’ 
switchgear and the use of unit-pattern control gear for 
larger installations. 


Earthing and safety 

The earthing arrangements embodied in The 
Institution’s Wiring Regulations seemed to satisfy the 
majority of engineers, and there was little discussion on 
this subject. There was no criticism of the precautions 
generally advocated in the papers for safeguarding 
personnel from electric shock. The use of transformers 
with a secondary voltage of 110 volts with earthed 
centre-point for supplying hand-held portable electric 
tools was not questioned. 

The need for an earthing connection provided by the 
supply undertaking was stressed because of the increasing 
use of non-metallic pipes for water supplies. 


Metering and tariffs 

There was evidence that many engineers would wel- 
come some simplification of tariffs for commercial and 
industrial loads. The need for Area Boards to promote 
good load factors was leading them to create tariff 
structures which could well involve the duplication or 
even triplication of the installation wiring in a building. 

This applies particularly in buildings with a wide 
range of electrical equipment, involving motive power, 
lighting, heating, cooking and possibly off-peak loads, 
where the respective load factors do not justify taking 
supply under a two-part tariff. This may well apply in 
schools, for example, with the result that, to obtain the 
most economic tariff for each section of the load, separate 
metering, switchgear and cabling have to be provided, 
much of it needlessly from a strictly engineering view- 
point and with an apparent waste of materials and 
labour. 

A strong plea was made by one speaker for the general 
acceptance of a two-part tariff based on recorded 
maximum demand and energy consumed, with a 
concerted drive by the Area Boards to persuade manu- 
facturers to produce a cheap standard maximum- 
demand meter. 

The method of metering and controlling off-peak 
energy for floor-warming installations, together with the 
differential in unit cost for this type of load, featured in 
many of the discussions. The points raised are dealt with 
in the following section. 

Speakers from Area Boards generally favoured the 
installation of meters in positions where they would be 
accessible to meter readers without their having to enter 
the dwellings. The‘ease and certainty of recording the 
readings made it very attractive, and in some cases the 
Board was able to operate reading and billing monthly 
instead of quarterly. 
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Electrical floor-warming 


The principle of controlling many separate floor- 
warming installations by a number of contactors operated 
by acentral time-switch has been accepted in many areas. 
The relatively high rental charge for an approved time- 
switch compares unfavourably with the low price of the 
contactor units now available. 

Several speakers made the point that for domestic 
installations the underfloor system should be designed 
to give background heating only, supplementary heating 
being provided by radiant fires, for example. The relative 
merits of providing such background heating as a land- 
lord’s service, with the cost included in the rent, as 
opposed to full tenant control and direct financial 
responsibility, provoked a good deal of useful discussion. 
This problem has a sociological aspect as well as a 
purely engineering one and can generally be resolved 
only by the housing authority as a matter of management 
policy. 

Several architects made valuable contributions, and 
it was clear that they favoured the floor-warming 
system because of low capital cost and freedom of 
planning. There was some divergence of opinion as to 
whether it should be used as a purely off-peak storage 
heater or as a relatively quickly-responding floor panel- 
heater supplied from the normal unrestricted service and 
only used when required. 

The amount of downward heat loss and the differential 
in unit cost of the two systems have an immediate bearing 
on this problem, and it was generally conceded, not 
least by those from the Area Boards, that the cost 
differential was all-important. 

Rather surprisingly, the discussions seldom brought 
out any rival claims for the relative merits of the 
embedded and the ducted-rewirable systems of floor- 
warming. The embedded system seems to have been 
accepted with few misgivings, and no serious case of 
failure was quoted. 

Possible difficulties in combining floor-warming and a 
system of underfloor ducts for the general electrical 
services were raised by one speaker, but there was no 
evidence of any insurmountable difficulty in providing 
both services, if the floor screed were of sufficient thickness 
and suitable heat-resistant cables were used in the ducts. 


Water-heating 


The suggestion advanced by one of the authors, that 
the control of an immersion heater by means of a time- 
switch is perhaps the most economical method of 
working, invariably provoked discussion. Several 
speakers challenged the idea on the score that the cost 
of a time-switch, other than for off-peak supplies, would 
not be justified by the small saving in heat loss. 

The storage water-heater embodying two immersion 
heaters, so arranged that a quantity of water, say 3 or 
Sgal, is constantly available for normal domestic needs, 
with the means for switching in the second heater when 
the full quantity of water is required for bathing, was 
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favoured by many. One or two thought that there was 
an increasing trend away from water storage heaters 
towards instantaneous heaters, and that there seemed to 
be little prospect of any widespread use of off-peak 
energy for domestic water-heating because of the need 
for tanks of larger capacity. 


Lifts and telephones 


Very little mention was made of lifts. This is surprising, 
bearing in mind the almost universal adoption of high 
buildings both for housing and commerce. The increasing 
use of lifts to meet these needs appears, in general, to 
lie outside the orbit of installation engineers, and one 
can only assume that architects are tending to handle 
lift work directly with the manufacturers. * 

The presence of Post Office telephone engineers at 
several of the meetings was encouraging, but they nearly 
all had complaints to make about the lack of planned 
facilities for telephone services in new buildings. Again 
and again they, as well as electrical installation engineers, 
mentioned the quite unnecessary difficulties that they 
had to overcome during the course of installation work, 
because they were given no opportunity to suggest runs 
and service points during the planning stages. 

This lack of co-ordination inevitably brings in its train 
costly and often unsightly improvisations during the 
construction work that could so easily be avoided by 
intelligent foresight and mutual consultation in the 
drawing-office. 


Rising mains and future developments 


Some engineers were of the opinion that the high 
buildings now being planned, and those envisaged for 
the future, would require h.v. rising mains supplying 
transformers sited at various levels. The need for this 
type of distribution depends, of course, on the antici- 
pated demand. In this connection, mention was made 
of a 30-storey building with a load of 10 MW including 
floor-warming, requiring 6-6kV rising mains with 
transformers on every seventh floor. 

Finally, on the question of designing installations for 
future load developments, the generally accepted figure 
of 25% spare capacity received some criticism. Some 
held the opinion that it should be increased to 50%, 
even 100%, but this leads one into the field of prog- 
nostication, where one person’s assessment is as good 
as another’s. 


Summary 


It is difficult to reach any firm conclusions from all 
that was said in discussion; nevertheless, there was an 
evident thread of awareness of the pressing need for 
much closer collaboration in the planning stages between 
electrical engineers, architects and builders if we are 
to achieve installations which are adequate in the 
electrical sense, economic in cost, and inconspicuous in 
appearance. 
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(Issued on the 15th February 1961) 


Ee hen 13th edition of the Regulations for the electrical 
equipment of buildings was issued on the Ist September 
1955, and amendments were approved by the Council of 
The Institution having effect from the 15th December 1958. 
The following abstracts of interpretations, the ninth group to 
be published,* are of general interest and involve clear-cut 
issues. 


Inquiry 61 Regulations 108, 111, 203, 204(a) 

Regulation 109 of the 12th edition stated that every 
distribution fuseboard shall be connected to either (i) the 
main switchgear; (ii) a separate way on a larger distribution 
fuseboard; or (iii) one or more other distribution fuseboards 
by looping into their busbars. 

Regulation 109 has been omitted from the 13th edition. 
Are both (ii) and (iii) above still in compliance with the 
Regulations, or is only (ii) (or the equivalent of a separate 
fuse in the loop connection) now admissible? 


Reply 

The essence of Regulation 109 of the 12th edition is 
embodied in the basic requirements of the 13th edition, as 
to the choice and protection of cables. Attention is called in 
particular to Regulations 108, 111, 203 and 204(a). 

It is confirmed that a distribution fuseboard may be 
connected by any of the three methods described in Regulation 
109 of the 12th edition, provided that all the requirements set 
out in the 13th edition are observed. 

In particular it will be necessary, for compliance with 
Regulation 108, to ensure that, if a distribution board is 
connected by looping into the busbars of another distribution 
board, the cables used are adequately protected by the sub- 
main fuse or circuit-breaker from which the supply is obtained, 
i.e. the current rating of the looping cables is not less than 
that of the cables used to feed the other distribution board. If, 
because of length of run and voltage drop, some parts of the 
looping cables were made of larger size than others, the 
protection must be appropriate to the smallest cable used. 

In addition, it must be ensured that the method of looping 
cables into the distribution fuseboards is such that their 
busbars do not get hotter than is prescribed in British 
Standard 214 (see Regulations 302(A) and 601), and that the 
cable terminations are mechanically and electrically sound in 
accordance with Regulation 207. 


Inquiry 62 Regulation 314(B) 


The reply to inquiry 58 appears to indicate that for each 
floor-warming circuit an isolating switch additional to any 
automatic-control device is necessary for compliance with the 
Regulations. 

The Note to Regulation 314(B)(ii), however, states ‘For 
the purpose of this clause the term “‘appliance” includes a 
heating installation which may consist of several parts’. This 
seems to make it quite clear that a number of floor-warming 


* Reprints of the earlier sets of abstracts remain available, price 6d. each post- 
free. Details of these may be obtained from the Secretary of The Institution 
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circuits can be connected to a distribution board and con. 
trolled by one isolating switch. Confirmation of this would 
be appreciated. 


Reply 

Regulation 314(B) must be read with Regulations 7 and 
116(A), and it will be for the designer of each installation to 
determine the placing of isolating switches so as to provide 
an ‘effective means suitably placed for easy operation’ for 
cutting off the supply to every part of the system. 

In some installations it may be possible, depending on the 
lay-out and method of use of the premises, to comply with 
the above Regulations by the use of a single isolating switch 
for a number of floor-heating final subcircuits. It will, 
however, be necessary to consider whether such a switch can 
be so placed that it is available at all times for ready operation 
by those having charge of the premises or any part thereof, 
particularly in an emergency. 


Inquiry 63 Regulations 401, 402(D) 


Regulation 402(p) requires that one point of the secondary 
winding of any transformer used in a consumer’s installation 
shall be earthed; but this, it must be noted, is only as a means 
of compliance with Regulation 401. Regulation 401 is speci- 
fically restricted to apparatus operating at above extra-low 
voltage. Transformer secondaries operating at extra-low 
voltage are therefore apparently exempt from earthing. Is 
this correct ? 


Reply 

No. A transformer having a winding or windings operating 
at a voltage exceeding extra-low voltage must be regarded in 
its entirety as coming within the scope of Regulation 401, 
and the metalwork (other than current-carrying parts) of the 
transformer and one point of the secondary winding (including 
an extra-low-voltage secondary winding) must be earthed in 
accordance with Regulation 402(p), except where one of the 
Exemptions to that Regulation applies. 

It may be noted that, with particular exceptions (see p. 2 
of the Introduction), wiring and equipment operated at 
voltages not exceeding 15 volts between lines or to earth are 
not required to satisfy the provisions of the Regulations; 
such installations must, however, be segregated from those 
operating at higher voltages, and any isolating transformer 
used must be installed in accordance with the requirements 
of the Regulations. 


Inquiry 64 Regulation 405 


May a heated carpet underlay situated within a room 
containing a fixed bath be installed to comply with the 
requirements of the Regulations? It would appear that such 
an installation should comply with the requirements of 
Regulation 405, but there are two problems. 

First, since no provision shall be made for the use of 
portable appliances, in what way may the heated underlay 
be connected to the supply? Secondly, serious consequences 
may arise from possible shock to a person stepping out of a 
bath full of water, even assuming that a bath mat is used 
having, in dry conditions, adequate insulating properties. The 
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steamy atmosphere of a bathroom would give rise to con- 
densation and may result in the bath mat, the carpet and the 
underlay retaining some moisture content and thus presenting 
some leakage path to earth, through a human body and the 
bath. 


Reply 

An electrically-heated carpet underlay falls within the 
terms of the definition of ‘appliance’ set out on p. 7 of the 
Regulations. For the purposes of this reply, it is assumed that 
the inquiry relates to an underlay operated directly at mains 
voltage. 

Regulation 405(c) states that no provision shall be made 
for the use of portable appliances in a room containing a 
fixed bath. The connection of an appliance of the type in 
question by means of a plug and socket-outlet is therefore 
clearly precluded by the Regulations. 

It has been ruled in the past that the term ‘fixed appliance’ 
denotes an appliance which cannot be removed without the 
use of tools; and an electrically heated carpet underlay, 
unless permanently fixed to the floor, cannot be regarded as 
complying with this definition; it must thus be regarded as a 
portable appliance, and its use in a room containing a fixed 
bath would contravene Regulation 405(c). 

If such an underlay were permanently fixed to the floor and 
connected to the supply by means of fixed wiring, Regulation 
405(c) would be complied with. It would then be necessary 
to ensure that the construction and installation of the under- 
lay complied with the requirements of Regulations 304 and 
305 for apparatus in damp situations, and of Regulation 614 
in the absence of a particular British Standard. 

It is thought that many of the types of carpet underlay at 








present available would not comply with these last-named 
Regulations, and failure so to comply could clearly give rise 
to serious danger in a bathroom. The requirements of 
Regulations 314(s)(iii) and 405(B) as to the placing of the 
means of control would also have to be observed. 


Inquiry 65 Regulation 710 


A number of small box-type signs, each containing a small 
transformer, are to be hung on the external walls of buildings, 
approximately 10ft above pavement level. 

Does Regulation 710 require a ‘danger, high voltage’ 
notice to be fixed to these displays, in view of the fact that all 
the h.v. equipment is contained within the sign itself and is 
therefore not ‘accessible to an unauthorized person’ unless the 
sign is dismantled ? 


Reply 

The phrase in Regulation 710 ‘accessible to unauthorized 
persons’ relates to containers or enclosures for ancillary 
equipment for h.v. discharge-lighting installations and not to 
the ancillary equipment itself. 

In the circumstances described in the inquiry, where 
ancillary h.v. equipment is contained within a discharge- 
lamp fitting, the need or otherwise for a ‘danger, high voltage’ 
notice must be determined by the designer of the installation, 
who must judge whether or not the fitting is ‘accessible to 
unauthorized persons’. Height above ground does not alone 
necessarily render a fitting inaccessible; and the designer 
should consider, for example, whether the fitting may be 
reached from a window, and the need for cleaning of the 
fitting. 





«sane INDUSTRIAL TRAINING FOR DIP.TECH.(ENG.) 


Besegennse between college, industry and appren- 
tice is essential in industrial courses for the diploma 
in technology in electrical engineering. This system of 
education and training, depending on the degree of 
intensification and integration achieved during each 
industrial period, is facilitated when the apprentice is a 
central, and not a direct, production charge. 

The industrial periods must give the work urgency and 
purpose and be organized to show why the selected 
method has been chosen and to elucidate the manu- 
facturing application of technological principles, while 
encouraging the unaided use of these principles. The 
training must not be skimped, as this is a disservice to 
both firm and apprentice. Good training moulds the 
outlook of the apprentice. 


Broad views 

Experience in selected activities (like design, research, 
planning, manufacture, testing, development, operation 
and sales) provides broad views of electrical engineering 
at appropriate study stages, while giving contact with 
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This is an abstract of a report prepared for a conference 
held at the Northampton College of Advanced Technology, 
London, on the 6th May 1959. Dr. Soper is the Head of 
the Department of Electrical Engineering at the College. 


P. F. SOPER, B.SC.(ENG.), PH.D., MEMBER 


craftsmen. Good training develops creative imagination 
and the ability to explore possibilities beyond known 
facts, stimulates curiosity and inquisitiveness as to the 
how and why of industrial processes, and encourages a 
systematic approach to new problems. 

The handling, fabrication and assembly of physical 
components used in apparatus, plant and equipment 
provide knowledge of machine processes, labour prob- 
lems, essentials of industrial activity, and mechanical 
skills of interest to the electrical engineer. Electrical 
engineers frequently lack this vital knowledge, and thus 
many equipment faults are ascribable to mechanical 
failure or poor mechanical design. _ 
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Specialized training during the course is undesirable, 
but where included it must not prejudice acquisition of 
the wide industrial outlook vital for executive work. 

Integration of alternate college and industrial periods 
gives coherence to the apprenticeship, provides adequate 
breadth and depth, and demands considerable personal 
effort, with insistence on quality rather than quantity. 
In each subject, concentration and emphasis are on 
principles, but there is an industrial outlook in the 
treatment and presentation. Well planned industrial 
periods should develop maturity of outlook, elicit 
sympathy for, and an appreciation of, the work of an 
industrial employee, and demonstrate the tedium of 
many processes and the resultant tiredness, the value of 
repetition, and how interspersion of tasks reduces 
monotony. 


Supervision 

Sufficient supervision is essential to provide constant 
review of the apprentice’s tasks. This encourages good 
work, provides purpose and aim, and reduces boredom; 
but adequate and appropriate work must be provided. 
Intense application may produce staleness, with serious 
results, unless there are sufficient periods for recuperation 
and meditation. 

The education and training syllabuses are equally 
important, but the latter frequently receive inadequate 
attention. Mere attachment to a succession of craftsmen 
is unsatisfactory, as the needs are different from those of 
the traditional student and craft apprentices. 

A revolutionary change in training might be achieved 
by adopting an educational attitude to the entire 
apprenticeship period, but this reorientation would 
require lectures, discussions and demonstrations. The 
apprentice should keep, in an industrial log book, neat 
and orderly notes on his work. These notes stimulate 
thought and encourage the expression of ideas in a 
concise and logical manner. The supervisor looks for 
technical accuracy and literary standard. 

These reports collate and consolidate the work and 
assist the assessment of allotted tasks for training 
purposes by exposing weaknesses or providing construc- 
tive proposals, but helpful criticisms must be received 
sympathetically. Rigid programmes, using the apprentice 
as a production unit, are quite unsatisfactory. A wider 
experience is essential and is obtainable by observation, 
reading, visits, equipment recognition, and a good 
library. Each visit is restricted to a single product and is 
preceded by an explanatory lecture and completed by a 
report. 


Workshop training 


The basic workshop training, removed from the tempo 
of production and given in a training school before the 
first college period, must avoid excessive concentration 
on machine-tool operations and the sole use of ferrous 
materials. The work includes electrical materials, contact- 
surface preparation, connections, jointing, adhesives, 
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printed wiring, shape formation, surface protection, 
inspection, safety, and the reading and interpretation of 
drawings. Monthly consolidating lectures and written 
reports must survey the performed work. 

Advanced training, depending on the _ student’s 
preference and the availability of facilities, must provide 
responsibility and the opportunity to complete a specified 
task. Given the right industrial atmosphere, this can be 
achieved without stifling ambition, but there must be 
careful selection of the apprentice body. In contra- 
distinction, the college work is mainly restrictive and 
collective. 

In addition to the college tutor, who visits the 
apprentice in industry, an industrial tutor is desirable, 
The industrial tutor guides and encourages, and prevents 
intellectual inertia, bewilderment by variety, and 
depression. 

Monthly meetings of apprentice discussion groups, 
having a rota of apprentice chairmen, a proper minute- 
book, and well-chosen topics, provide valuable debating 
experience. 


Forward opinions 


The training must ensure experience of the application 
of fundamentals without excessive detail, and recognize 
the fact that most engineering problems involve psycho- 
logical and sociological issues. Much training only 
surveys current practice and thus directs thinking along 
well-worn paths. It must examine future techniques and 
encourage critical opinions about the relative merits and 
applications of alternative processes, opinions based on 
technical, economic and plant-availability considerations. 





New B.B.C. television studio 


eps 4, the second of the large studios, is now in operation 
at the new B.B.C. London Television Centre. This studio 
will be used mainly for light entertainment, music, and 
children’s programmes. It is 44ft high, has a floor area of 
8000ft?, and is provided with four camera channels. Two 
further cameras can be added if required. 

The cameras, which give high-quality pictures, are fitted 
with turret-mounted fixed-focus lenses, supplemented by 
zoom lenses. The latter enable a wide range of camera shots, 
continuously variable from close-ups to long shots, to be 
obtained without the need to switch from one camera to 
another while lens turrets are rotated. 

The control-room suite contains the vision-, lighting-, and 
sound-control positions and the main control desk, from 
which the producer directs the camera-men, sound crew, and 
artists. The sound-control desk controls 43 sound sources, of 
which up to five may be external to the Television Centre. 

The studio-lighting system, specially designed for tele- 
vision, includes some 330 illuminators, which can be raised 
or lowered by electric hoists. The illuminators can be switched 
or dimmed singly or in groups. The total lighting load is 
200kW. 

Studio 4 has been designed so as to provide for the intro- 
duction of colour television later. 
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LETTERS TO THE EDITOR 





RELIABILITY OF ELECTRONIC 
EQUIPMENT 


Dear Sir—I am moved by Mr. A. C. Lynch’s report (Novem- 
ber 1960 Journal, p. 639) on the Institution symposium to 
make the following comments. 

First, I would agree that numerical data require to be 
published more widely. Unfortunately, many engineers’ 
opinions on the subject of reliability are coloured by their 
own most recent experiences of failures. 

As far as resistor failures are concerned, there is ample 
evidence, from American sources at least, to support the 
opinion that derating increases resistor life. The important 
qualification is, however, that derating must not prevent the 
resistor from reaching a temperature adequate to keep it dry. 
A common lower limit quoted in Britain is 10%. 

Secondly, as a practitioner in the field, I feel that Mr. 
Lynch’s suspicion that component reliability is the only 
pertinent factor worthy of discussion stems from the conduct 
of the symposium he attended. A colleague of mine in the 
industry uses the allegory that the equipment-reliability 
problem is similar to that of trying to stop leakage through 
a colander. There are normally more holes than fingers, but 
not all the holes are due to the basic components themselves. 

Because of the many facets of the problem, it is found 
worth while to study their interrelation under the generic 
cloak of ‘reliability engineering’. 

It is, of course, true that many of these facets lie in the 
realms of common sense and good sound engineering practice. 
Experience shows, however, that a monitoring function is 
desirable to improve the latter and quantify the former. In 
this respect, reliability engineering is a form of operations 
research.—Y ours faithfully, 

M. P. KING, ASSOCIATE MEMBER 


Pye Hill 


30th November 1960 Finchampstead, Berks. 


[Mr. Lynch writes: This particular symposium left me 
thinking that all the holes in the colander were caused by the 
components. ] 


ELECTRICITY METERS 


Sir—A frequent and earned criticism of American authors is 
that they fail to refer to work and publications outside the 
United States. From G. F. Shotter’s paper in the October 
1960 Proceedings, Part A, it seems that no work on energy 
meters outside Britain, or indeed outside the Electrical 
Research Association, needs to be mentioned. 

I was surprised to see omitted: 


1. Illustrations of modern construction and appearance, 
showing how products get simpler, better and cheaper 
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2. How contacts are now available to operate external 
counters or circuits 

3. A description of the new permanent-magnet suspension 
now advertised, which looks like a solution to the bottom- 
bearing problem. 

4. A discussion of the possibility of electronic energy meters 
without moving parts. 


There may well be many more interesting new develop- 
ments, and we would be most grateful if Mr. Shotter or 
someone in the energy-meter industry would keep us up to 
date.—Yours faithfully, 

A. HOLLAND, ASSOCIATE MEMBER 


Measurement Engineering Ltd. 


7th December 1960 Arnprior, Ontario, Canada 


[Mr. Shotter writes: I think Mr. Holland has misunderstood 
the aim of my paper, which was to review the progress made 
in British meters since 1937. It was intended not so much for 
experts in the field as for those wishing to follow developments 
in other branches of electrical engineering. 

Consequently, I think he will agree that his criticism would 
not apply to a review of this nature. 

I can assure him that, having for very many years been in 
personal contact with a number of meter engineers in the 
United States, I should be the first to refer to and acknowledge 
the excelient work done by them. The work on energy meters 
by the Electrical Research Association has been carried out 
under a committee consisting of both users and manufacturers. 

I should like to refer Mr. Holland to the electrical engi- 
neering review by Mr. E. Roscoe on energy meters in the 
September 1960 Journal, p. 524.] 


VILLAGE UNDERTAKINGS 


Dear Sir—There are in North Borneo and in other countries 
of South-East Asia a number of small rural communities of 
between 500 and 1000 persons each and dignified in local 
parlance with the title of townships. These, although generally 
compact, are usually widely separated. It can be argued that 
it is socially desirable that rural populations should have 
substantially the same amenities as are available to the 
inhabitants of the few large towns in the Territory that have 
utility services. 

This, of course, involves electricity supply, but when this 
is provided the usage is almost entirely domestic and cannot 
be said to promote directly the development of the national 
income. On balance, there is a good case for making the 
effort to set up the small town electricity undertakings 
required, provided that they can be made financially self- 
supporting so that no diversion of scarce revenues is involved 
from genuine economic investment to the provision of what 
in the circumstances is essentially a luxury. 

I have been attacking this problem by using high-speed 
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Letters to the Editor (continued) 


mass-produced tractor-type Diesel engines as standard prime 
movers and directly coupling these to 3-phase 4-wire medium- 
voltage statically excited alternators, each small town power- 
house having sufficient floor space to accommodate two such 
assemblies and their associated switch- and control-gear. By 
changing governor springs, the engines can be set to run at 
1000r.p.m. or 1500r.p.m. and are used with either 6-pole or 
4-pole alternators accordingly to provide 20kVA or 30kVA 
generating units. 

This permits capacity to be matched to peak load fairly 
closely without losing the advantages of engine standardiza- 
tion, and thus allows maintenance of a reasonable ratio 
between useful fuel consumption and that required to over- 
come internal losses, despite the fact that one set of every 
pair must run continuously to maintain the 24hour service 
that is provided to encourage the development of off-peak 
load. 

All engines are equipped with stop solenoids and are 
protected thereby via appropriate sensing switches against 
cooling-water over-temperature and lubricating-oil under- 
pressure, and also against rotational overspeed. Distribution 
systems are provided with earth leakage and with overload 
protection effected via automatically-reclosing circuit-breakers 
that lock off after a preset number of shots when fault 
conditions persist. Alternatively, when, as is usual, reclosures 
are successful, the mechanism homes to its original pre-fault 
condition, so that the chosen number of shots always remains 
in hand. These arrangements permit wholly unattended 
operation of generating plant for intervals between servicings 
of two weeks and three weeks for 1500 and 1000r.p.m. 
versions respectively. 

The static-excitation equipment is arranged to give the 
alternators a rising voltage characteristic with increasing 
load, so that line drop can be allowed to account for most of 
the permissible variation at consumers’ terminals, and the 
cost of distribution conductors can be kept down accordingly. 
Further economies are effected by utilizing hardwood poles 
cut in the vicinity of each undertaking from those tree species 
that are regarded by the indigenous people as sufficiently 
durable for their house posts. Pole collars are protected with 
proprietary chemical bandages. 

All consumers are metered in a normal manner, and the 
tariff is designed to promote good load factor and includes 
for the time-switching off-peak of suitable loads such as 
thermal-storage water-heaters. The object is to make elec- 
tricity available for the purposes for which its convenience 
and efficiency can offset the unavoidably high costs of such 
small-scale operations. Lighting, fans, ice-boxes, smoothing 
irons and electric kettles are the principal load elements, 
there being no space-heating demand in a tropical climate. 
No tariff concessions are made in respect of heavy-current 
short-period poor-diversity-demand equipments such as 
cookers, and the rare examples connected thus contribute 
revenues reasonably proportional to the extra costs their 
supply involves. 

A pilot-scheme undertaking as described has been in 
operation at Kota Belud for the past 24 years, and a second 
similar undertaking was put into service at Menggatal 
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recently. In North Borneo, the capital cost of such smal 
unattended power stations of 60kVA ultimate capacity js 
about the same as that of one mile of h.v. transmission ling 
on steel poles. 

The technical features are all straightforward, though their 
use in combination is possibly unusual. The financial opera. 
ting results to date indicate that in local circumstances a 
system of about half a dozen similar small town under. 
takings, maintained from a common stores and service depot, 
could be properly viable economically. It is therefore proposed 
to make installations in other places similar to the two 
already completed.—Yours faithfully, 

P, V. REVELEY, ASSOCIATE MEMBER 


P.O. Box 350 


9th December 1960 Jesselton, North Borneo 


TOPOLOGY CONCEPTS IN NETWORK 
THEORY 


Dear Sir—After attending the Electronics and Communica- 
tions Section lecture at Savoy Place on the 12th December 
1960 on ‘Topology concepts in network theory’ by P. R. 
Bryant and perusing his monograph (414E) on ‘The algebra 
and topology of electrical networks’, I was struck by the 
thought that the mathematical discipline of topology bears 
the same relationship to Kron’s work on stationary networks 
as the mathematical discipline of complex-variable theory 
bears to Heaviside’s operational calculus. This raises several 
interesting points. 

One of Kron’s interests has long been the prediction of the 
behaviour of a complex interconnected system from a 
knowledge of the behaviour of its constituent parts. This 
seems by its very nature amenable to topological analysis. 

Another part of his work deals with the behaviour of 
circuits in relative motion and uses concepts such as Christoffel 
symbols, or, in more general cases, an affine connection, to 
deal with voltages due to the motion, in a manner analogous 
to the use of these concepts in differential geometry to deal 
with variations in the components of a parallel vector field 
due to curvature and torsion in the reference axes. This 
part of his work seems, again by its very nature, amenable to 
tensorial analysis. 

Tensorial methods seem inherently suitable for facilitating 
the discussion of measurement, and topological methods for 
the discussion of structure. Yet Kron uses tensorial methods 
for both. Would it be true to say that his work may be divided 
into two parts, one inherently topological and one inherently 
tensorial ? 

The tendency of mathematically-sound integral-transform 
methods to supersede the Heaviside operational calculus has 
not, however, been wholly gain. At the moment, the widely 
used form of Laplace transform does not preserve the 
dimensional significance of equations upon their transforma- 
tion, while the so-called ‘p-multiplied’ transform (which gives 
equations similar in form to those of the Heaviside calculus) 
does. ‘ 

Which leads me to believe that, as we have standardization 
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committees to recommend standard practice and terminology 
jn manufacturing methods, we should surely attempt to 
issue standards on theoretical work at suitable times in the 
development of a subject.—Yours faithfully, 

A. G. J. MACFARLANE, GRADUATE 


Department of Electrical Engineering 
Queen Mary College 


16th December 1960 Mile End Road, London E.1 


UNIVERSITY COURSE IN ELECTRICAL 
MACHINES 


Dear Sir—The following comments relate to the article 
‘University course in electrical machines’ by A. J. O. 
Cruickshank (November 1960 Journal, p. 626). The article is 
indeed timely in reviving interest in advanced studies and 
research in the area of electromechanical energy conversion. 
A revision of the undergraduate curriculum in electrical 
machines, to lay the foundations for advanced work at a 
later stage, is undoubtedly in order. 

Dr. Cruickshank has included some interesting research 
topics that could be explored using the unified machine 
theory. It may be mentioned that much research is being 
done!:2+3»4 on the experimental aspects and development of 
electrical machines. However, little or no significant work 
has been done lately on the theoretical aspects and towards 
unification. 

It is perhaps a matter of opinion, but the M.I.T. treatment 
(reference 5 of the article) is an admirable attempt to fill 
this gap. The time limitation does not permit one to go 
into every detail of each kind of machine, and the generalized 
rotating machine® integrates 18 electrical machines in one. 
The unification is essentially through the so-called mathe- 
matical transformations. Yet another approach (which is 
being developed at this University) towards generalization 
is along the lines of classical field theory. A number of 
attempts®: 7+8.9.10 have been made in the past, and further 
extensions need to be made. 

Meanwhile, one may pause and reflect as to what exactly 
is meant by ‘unified’ and ‘generalized’ theory. Could physical 
phenomena also be explained by such a theory? Or is it just 
a mathematical tool for quantitative analysis of transient and 
steady-state phenomena in electrical machines? How can a 
general theory be developed which can be modified to be 
applicable to special cases? Bearing in mind the time factor, 
the courses of instruction should be designed to equip the 
student with a grasp of basic ideas. The lack of enthusiasm 
and insufficiency of students entering heavy-current electrical 
engineering are not a matter of concern. 

Looking at it from the viewpoint of research for the sake 
of research and for the satisfaction of intellectual curiosity, 
it may be said that such work will continue for many decades 
to come. But as the field of electrical machines is considerably 
older than that of electronics, the former is not likely to 
provide as much attraction for research for the sake of progress 
and concrete advancement, unless the scope is broadened 
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and the domain extended to some of the topics mentioned 
by Dr. Cruickshank.—Very truly yours, 
S. A. NASAR, GRADUATE 


Division of Electrical Engineering 

Department of Engineering 

University of California 

16th December 1960 Berkeley 4, California, U.S.A, 


1 WiuiaMs, F. C., et al.: ‘Development and design of spherical 
induction motors’, Proceedings I.E.E., Paper 3036u, December 
1959 (106A, p. 471) 
LarrHwaltE, E. R., et al.: ‘The application of linear induction 
motors to conveyors’, Proceedings I.E.E., Paper 3225u, June 
1960 (107A, p. 284) 
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[Dr. Cruickshank writes: I am interested to hear of the work 
being promoted at the University of California in the direction 
of a unified presentation of machine theory, as it seems to 
have something in keeping with the viewpoint which I hold, 
that unification should be secured, not on the basis of mathe- 
matical transformations, but on the basis of physical concepts. 
As to what is meant by a unified theory, this is surely com- 
monly held to be a theory which treats machines and electro- 
mechanical devices as various aspects of one central problem 
in electromechanics, in which there are a number of electrical 
and mechanical conditions to be fulfilled, and avoids piece- 
meal treatment of the various machines, one after the other. 

Although I personally found the mathematical unification 
adopted by White and Woodson very thorough and logical, 
I have my grave doubts about its attraction for students. The 
main point is that the essential physics of all the interactions 
(and not just the principal torque- and voltage-producing 
interactions) should not become obscured by mathematical 
manipulations, mastery of which is not necessarily accompa- 
nied by a proper understanding of the processes. Further, 
there may well be a better chance of truly broadening the 
subject by holding to a few physical principles rather than by 
making mathematics the cornerstone of unification.] 


JUNCTION TRANSISTORS AND THEIR 
APPLICATIONS 


Dear Sir—In reply to Mr. R. Wells’s letter in the December 
1960 Journal, p. 709, I would point out that Ohm’s law is not 
universally true. It is an experimental result which was 
originally found to be approximately true for metallic 
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conductors. It states ‘the steady electric current flowing in a 
metallic circuit is proportional to the constant electromotive 
force acting in the circuit’,* i.e. 7 = KV, where K is a constant. 
Although K is nearly constant for some materials (e.g. 
metals), it is by no means so in general. It is usually conve- 
nient to think of two quantities (both having the dimensions 
of ohms): the chord resistance R = V// and the incremental 
resistance r = dV/dJ. 

1/R corresponds to the quantity K above and, except when 
it is constant, Ohm’s law does not apply. To sufficiently 
small increments, 5V = rdJ is true (from the theory of 
infinitesimals), but this is not how Ohm stated his law, and 
it does not support Mr. Wells’s views. 

An ohmic contact is, I maintain, one which obeys Ohm’s 
law, i.e. one for which K is approximately constant. This 
naturally admits it is non-rectifying, which is an equivalent 
statement. 

Mr. Wells’s next point concerns negative resistance. He 
states ‘Quite obviously, there can be no such thing as negative 
resistance . . .". This statement needs some qualification. If he 
had written ‘Quite obviously, no passive element can be 
devised which exhibits a negative chord resistance’, I would 
agree, for such an element would disobey the second law of 
thermodynamics. However, I can make a negative chord 
resistance with a steam engine driving a series field generator 
and a negative incremental resistance with a tunnel diode. It 
seems that Mr. Wells would describe this latter effect as a 
positive voltage coefficient. I think it is not difficult to show 
that a positive voltage coefficient does not uniquely define a 
negative incremental resistance. 

At any point on an arbitrary V/J characteristic, define: 


R = V[I and r = dV/dI 


Then dV = JdR + RdJ ne a 
en = + Rd or ae ae 

If dR/dV > 0, then 1 > R/r, which is satisfied by any of four 
conditions: (1) r > R>0; (2) r< R<0; (3) r<O0< R; 
(4) r>0> R, of which (1) and (3) represent characteristics 
achievable by passive non-linear elements, while (2) and (4) 
require active elements. (3) may be the characteristic of the 
semiconductor device mentioned by Mr. Wells (presumably 
a tunnel diode), but it is seen that dR/dV > 0 is not sufficient 
to define uniquely such a characteristic. 

A similar criticism can be levelled against the use of 
negative voltage coefficient when applied to the so-called 
non-linear resistor. 

I would suggest that Mr. Wells is in non-ohmic contact 
with modern engineering jargon, and I invite him to join me 
on a world composed only of oak, tea and germanium, when 
we shall try to rediscover Ohm’s law and determine its 
universality.—Y ours faithfully, 

N. E. WISEMAN, sTUuDENT 
Data-Processing Research Laboratory 


Elliott Brothers (London) Ltd., Elstree Way 
30th December 1960 Borehamwood, Hertfordshire 


* Van Nostrand Scientific Encyclopedia (2nd edition, 1947) 
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[Mr. Wells writes: Mr. Wiseman finds Ohm’s law to be not 
universally true and only approximately true for metallic 
conductors. 

This means that he believes it is not true at all, which 
makes it a completely useless law and in fact not a law at all, 
This leaves him in a very difficult position, because he can no 
longer measure the resistance of anything. 

The authority Mr. Wiseman quotes for the version of 
Ohm’s law in which he believes is not a very satisfactory one, 
and we have to go back to Ohm’s treatise of 1826 to get 
the truth. In this, reference is made to Wéiderstandslénge 
(resistance-length), and there is little doubt that Ohm actually 
had in mind the circuit quality which decides the value of 
steady current resulting from the application of a steady 
voltage, which is the very reason why this quality is measured 
in units which are called ohms. 

I am very sorry to see that Mr. Wiseman drags in two more 
unnecessary quantities—‘chord resistance’ and ‘incremental 
resistance’. This is muddled thinking, since what he calls 
‘chord resistance’ is just resistance, but he must use it to 
distinguish it from his ‘incremental resistance’, which is a 
term without meaning. 

I say this because the effect of resistance is present even 
with a steady current, and in this respect it is quite different 
to inductance, which is why for the latter quality we are 
compelled to make reference to its incremental value. It 
would be more correct therefore to refer to incremental 
changes in resistance, and in these terms I would be the first 
to agree that these can be negative as well as positive. 

However, my protest is only against the use of the term 
‘negative resistance’ (whether used in reference to tunnel 
diodes or anything else), and when Mr. Wiseman succeeds 
in making his steam engine and series generator deliver or 
accept a negative current from a positive voltage, I will be 
happy to join him either in this world or the next. Together 
we will burn his oak to keep the éngine going, use his tea to 
have a brew-up in its boiler, and be lulled to sleep by the 
ghost of Dr. Ohm reading to us from Alice in Wonderland.} 





Caradon Hill television transmissions 


HE Independent Television Authority began full-power 
test transmissions from the Caradon Hill transmitter near 
Liskeard in Cornwall on the Ist February 1961. 

The transmissions are radiated in channel 12, and the signal 
is vertically polarized. The actual carrier frequencies are 
209-74325 Mc/s for the vision signal and 206-23 Mc/s for 
the sound. 

The station is equipped with two vision transmitters having 
a maximum power output of 5kW (peak white) each, and 
two sound transmitters with a maximum power output of 
1-25kW (carrier) each. 

The station at Caradon Hill has an effective radiated 
power (vision) of 200kW to the south-west, 25kW to the 
south and south-east, and 10kW to the north-west and north- 
east. Caradon Hill is some ten miles north-west of Liskeard, 
the station itself being 1215 ft above sea level. 

Together with its sister station at Stockland Hill (near 
Axminster in Devonshire), the Caradon Hill station will 
transmit programmes provided by one of the private tele- 
vision companies. 

The I.T.A. hope that these programme transmissions will 
begin about the end of April 1961. 


JOURNAL I.E.E. 
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GREAT deal has been written during recent years about 
A~ national shortage of scientists and technologists and 
about the need for a larger number of our most able young 
people to devote themselves to a prolonged study of science 
and its applications. The scale of the increased annual output 
required within the next decade has been assessed and re- 
assessed; steps are being taken within the Universities, the 
Colleges of Advanced Technology and the Regional Tech- 
nical Colleges to cater for it; and the marked increase in the 
number of boys and girls reaching Advanced Level G.C.E. 
passes in mathematics and in science subjects reveals the 
magnificent response which the grammar and public schools 
are making to this national need. 

Unfortunately, there has not been associated with this 
emphasis on our shortage of scientists and technologists an 
adequate recognition of the fact that no new idea can be 
translated from the laboratory and design office into a reliable, 
efficient and economic piece of equipment without the sup- 
porting skill and resource of a much larger body of tech- 
nicians, craftsmen and operatives; and that the satisfactory 
education and training of the latter is no less vital to the suc- 
cessful operation of industry, and to the health of the national 
economy, than that of scientists and technologists. 

It is not possible here to discuss the many issues which are 
inevitably associated with the introduction of technical change 
in industry. But one thing is clear—it demands a higher level 
of scientific and technical knowledge and attainment, and 
greater adaptability and capacity for understanding changing 
situations and points of view, in an increasing proportion of 
industrial personnel, and an extended and broader general 
education for all. For the attainment of these objectives the 
technical colleges and industry carry a heavy joint responsi- 
bility. 

The Minister of Education has now published a White 
Paper* which gives full recognition to the importance of the 
technician, craft and operative levels of industrial work, and 
which proposes a thorough overhaul of the present disorderly 
jungle of technical courses associated with them. The existing 
arrangements are the product of empirical growth, and the 
White Paper replaces these by a logical system of courses at 
various levels which is related on the one hand to the stages 
at which boys and girls leave school and to their attainments 
there, and on the other to the requirements of the jobs they 
seek. To achieve this it has introduced some new, and poten- 
tially very valuable, plants. 


The present system 

Of the students enrolled in major establishments of fur- 
ther education in England and Wales in 1958-59, it is esti- 
mated that about 450000 were taking industrial courses for 
* ‘Better opportunities in technical education’ (H.M.S.O., 1961, 1s. 3d.). A paper 


for Scotland, entitled ‘Technical education in Scotland—the pattern for the 
future’ (Cmnd. 1245), was published simultaneously 
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A LOGIGAL PATTERN FOR TECHNICAL EDUCATION 


This article, reprinted with permission from New Scientist, dis- 
cusses the pattern of technical education in England and Wales 
in the light of the Minister of Education’s White Paper (Cmnd. 
1254) published on the 5th January 1961. It analyses the pro- 
posals which the White Paper contains and stresses the need for 
industrial supplementation of the programme in terms of recruit 
training. 

The article was written as a general appeal to all technologies 
to lend their support to the aims of the White Paper. An article 
specifically directed to the electrical engineering aspects of the 
proposals will appear in a forthcoming issue of the Journal. 


Sir WILLIS JACKSON, D.SC., D.ENG., LL.D., 
F.R.S., PAST-PRESIDENT 








technicians, craftsmen and operatives coming within the 
scope of the White Paper. Out of this total about 14000 were 
attending either full-time or sandwich courses; 283000 part- 
time day or block-release courses mainly as an integral part 
of industrial apprenticeship; and 152000 evening courses 
other than ones supplementary to part-time day courses. In 
addition a large number of young people were following 
preliminary courses at evening institutes intended for those 
leaving school at 15 years of age in preparation for the 
commencement of a craft or other technical college course 
at 16. 

The courses available in the major colleges have been 
dominantly craft courses leading to examinations of the City 
and Guilds of London Institute and similar examining bodies, 
and those leading to Ordinary and Higher National Certifi- 
cates. In 1958-59, 200000 students were engaged in craft 
courses, and about 140000 in Ordinary National, and over 
40000 in Higher National, Certificate ones of an industrial 
character. 

Both these types of course have catered over many years 
for men who now serve industry as technicians—men who 
perform duties as draughtsmen, designers and laboratory 
assistants, or such as are involved in the supervision of 
assembly, inspection, testing, operation or maintenance of 
engineering equipment. It has long been evident, however, that 
for these men craft courses have afforded an inadequate 
foundation of scientific and technical knowledge and under- 
standing, while in so far as National Certificate courses have 
provided an important route leading towards the examination 
requirements of certain professional institutions, they have 
been too academic in character for the majority of the entrants 
to them. 

In consequence the failure rate in National Certificate 
courses, particularly in the early stages, has been extremely 
high, and the majority of those who have failed in them have 
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withdrawn completely from further study. In fact few courses 
designed specifically to cater for the more practical require- 
ments of technicians, to which they might have transferred, 
have been available, and even when such facilities have 
existed there has been considerable unwillingness to take 
advantage of them. To a large extent the problem has been a 
psychological one, and its resolution has demanded a scheme 
of alternative courses, starting from school-leaving age, which 
would permit a process of selection upwards into National 
Certificate courses on success, rather than of selection down- 
wards into technician or craft courses on failure—leading all 
too frequently to selection of no course at all. 


The proposed changes 


It is against this background that the White Paper details 
three reasons for reorganizing the present system of courses 
for technicians, craftsmen and operatives. First, that it has 
not kept pace with the changes taking place in industry, and 
in particular with the need for more and better-educated 
technicians; secondly, that it does not afford satisfactory 
continuity of education from 15 to 16 years of age between 
school and technical college; and thirdly, that the alternative 


at 15 and are given day-release (or block-release) facilities by 
their employers: 


(a) a course for Operatives, Op. 1-4 

(b) a Craft course, C.1-—6, in which two years will be devoted 
initially to covering the ground which the 16-year-old school. 
leaver will usually cover in one year 

(c) a General course, G.1—2, from which the student yij 
proceed either, after one year, to the first year of a Technician 
course, T.1—5; or after two years, to the second year ofa 
Technician course, or to the first year of a two-year Ordinary 
National Certificate or Diploma course, O.1-2. 


The modified entry possibilities for the 16-year-old school 
leaver are self-evident from the diagram, but include th 
additional one that students who have obtained four appro 
priate passes at the Ordinary Level of the General Certificate 
of Education may enter the two-year Ordinary National 
Certificate or Diploma course O.1-—2 directly. 

The aim is to establish a minimum of 330 hours of college 
attendance as the standard year for all these courses, of which 
in the craft and technician ones some 240 hours will be 
devoted to technical subjects and the remaining 90 to mor 
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(1) Courses for Degrees, Diplomas in Technology or other qualifications leading direct to technologist status are not shown. Students gaining Higher National Diplomas or 
Certificates may also reach sochnalontet fetes by further study; such further courses cee shown te — 


(2) This outline does not show all the possible routes open tothe individual. For example,there will be opportunities for some students totransfer froma course ofone level to 


an appropriate point in c higher course 


Outline of the new pattern of courses 


courses available have not catered sufficiently for the varied 
aptitudes of students, and have led in consequence to a 
serious wastage of young people from technical education. 
The new pattern of courses now to be established is out- 
lined in the accompanying diagram, and it leads to the 
following opportunities for boys and girls who leave school 
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general, including physical, education. The courses for 
operatives will no doubt contain a larger proportion of 
general studies, but presented so as to bear closely on their 
vocational activities. 

It would not have been appropriate for the White Paper to 
deal with the desirable form of curricula for the alternative 
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courses; the framework of courses having been established, 
this must be left to the colleges and examining bodies working 
in close collaboration with the schools and industry through 
their advisory committees and by other means. But it is 
gratifying to note the Minister’s emphasis on the need for 
continued general education, appropriately interwoven with 
the vocational studies. This is an important step towards the 
achievement of the County College concept of the 1944 
Education Act. It will help not only to ensure in the young 
people concerned a more flexible and adaptable approach to 
their work, but also to prepare them for advantageous use of 
the increased leisure to which the progress of technical change 
in industry leads inevitably. 

Although the new pattern of courses is based wholly on 
day-time study, the White Paper does not reveal by what 
means it is proposed to ensure an increase in the day-release 
facilities granted by industry as an act of voluntary collabora- 
tion, or to impose it on industry as a right of the young 
employee. This matter the Minister and his colleagues are 
no doubt pursuing, and his immediate purpose is to prepare 
the technical colleges to receive into appropriate courses the 
large increase in the number of students which must come to 
them by one means or another during the next decade. It is 
arguable that he would have been wise to lay emphasis on 
block-release rather than on part-time day arrangements. 
The reason may be that it is not yet established that they 
have the greater educational merit for the categories of 
student in question or that industry would find large-scale 
block-release arrangements acceptable. A forthcoming report 
on these questions by the National Advisory Council on 
Education for Industry and Commerce should do much to 
clarify them, but what are clearly needed, as the White Paper 


suggests, are many more experiments with block-release and 
sandwich courses. 


Industry’s supplementary contribution 


The White Paper deals dominantly with college arrange- 
ments, but it touches on four aspects of the contribution 
which it will be essential for industry to make if the desired 
result—that of a body of young people better prepared for 
participation in the changing pattern of industrial employ- 
ment—is to be achieved. The first is close collaboration with 
the colleges and the examining bodies in the preparation of 
the syllabuses of classroom study and laboratory work for 
the new courses, especially for the technician courses. The 
second is a more widespread willingness to release young 
people for participation in continued education during the 
day-time. The third is intimate co-operation with the staffs of 
the colleges in the selection of students for the alternative 
courses and the granting of appropriate recognition of their 
success in them. And the fourth is the provision of training 
schemes—organized and conducted by firms individually, 
or under group auspices, or in collaboration, in the early 
stages, with local or regional training centres—of adequate 
duration and standard. 

It is all too evident that the educational plans being laid 
within our schools and technical colleges are not being 
matched by plans within much of industry for the effective 
practical training of its young recruits. Unless steps are taken 
as a matter of great urgency to correct this unbalance, the 
latter lack is likely to prove the Achilles’ heel of our attempt 
to remain in the forefront of industrial progress. It is to be 
hoped that the Industrial Training Council will soon devise 
a plan of action to deal with this precarious situation. 





Record amount of generating plant 


A RECORD amount of new electricity generating plant was 
installed in England and Wales by the Central Electricity 
Generating Board in the calendar year 1960. The total addi- 
tional electrical output capacity of this new plant was 
1935MW, equivalent to over 24 million hp. 


Aggregate capacities 

Altogether, 21 turbogenerators, with an aggregate installed 
capacity of 2060MW, and 22 boilers, with an aggregate 
evaporative capacity of 158900001b/h of steam, were installed 
in 14 power stations belonging to the Board in England and 
Wales. Four of the stations—Aberthaw, Northfleet, Skelton 
Grange B, and Staythorpe B—are new. The stations are 
spread over the Midlands, Northern and Southern Project 
Groups of the Board. 

Of the generating units, two more 200 MW units (installed 
Capacity) were brought into service at High Marnham power 
station on the river Trent. This is the largest size of unit yet 
installed by the Board. The associated boiler has an output 
capacity of 14000001b/h of steam, and the turbine stop-valve 
conditions are 23001b/in.2 and 1050° F. Reheating is provided 
to 1000°F after partial expansion of the steam through the 
turbine. 

Boilers have been completed, but not commissioned, for 
another two stations, as the associated turbogenerators are 
hot yet available. 
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New B.B.C. television station 


T= British Broadcasting Corporation’s new low-power 
television station near Swingate, which shares the site of 
the Air Ministry radio station on the cliffs some 400ft above 
Dover, was brought into operation on Ist February 1961. It 
replaces the temporary station that has been serving the 
Dover area since April 1958. 

The new station is equipped with two 500watt vision and 
two 125watt sound transmitters. One set of equipment is a 
reserve for use in the event of a fault in the other. The power 
is the maximum that can be used if interference with other 
B.B.C. and Continental television stations is to be kept to 
acceptable limits. 


Improved aerial 

An improved directional aerial, mounted on a 38ft canti- 
lever extension of one of the disused 350ft Air Ministry 
towers, gives minimum radiation towards the Continent and 
maximum radiation in a northerly direction. 

The programmes are fed to the new station by means of a 
Post Office cable from London. Reserve facilities are provided 
by direct radio reception from Crystal Palace. 

The Dover station is to be a combined television and v.h.f. 
sound-broadcasting station. Installation of the v.h.f. equip- 
ment is well advanced, and it is expected that transmission of 
the Home, Light and Third Programmes will start in about 
April 1961. 


99 


A review of the Proceedings, Parts A and B 








Street lighting and its future 


A short article* based on a Utilization Section paper (3260) 
entitled ‘A survey of street lighting and its future’ by W. R. 
Stevens, B.Sc., Member, and H. M. Ferguson, Associate 
Member. The paper was published individually in May 1960 
and will be republished in Part A of the Proceedings. It was 
read before an Ordinary Meeting on the Ist December 1960 
at Savoy Place (see p. 135). The authors are at the Research 
Laboratories of the General Electric Co. Ltd. 


— purpose of street lighting is to improve the amenity 
and safety of the roads at night. The object in main-road 
lighting is to produce a bright road surface and surrounds 
against which pedestrians, cyclists, etc. will be clearly seen in 
silhouette from the driver’s viewpoint: the emphasis is on 
safety. Side-street lighting, on the other hand, is mainly for 
the pedestrian and householder: the emphasis is on amenity, 
and, since the quantity of light is very limited, the motorist 
should use his headlamps where necessary. 





1 ‘Bright patch from a single lantern 


The patch extends towards the observer but hardly at all beyond 
the foot of the post 


British street lighting 

British street lighting, which has always been regarded as 
the best in the world, is falling behind in public opinion and 
is often inferior to the best Continental practice. In short, 
it is suffering from an economic malaise which would hardly 
be tolerated in other circumstances where human life and 
welfare are involved. 


*This article and those following are based on, and written by the authors of, 
current Institution papers. The authors have been asked to make these articles, so 
far as possible, interesting and of appeal to electrical engineers who have no 
specialized knowledge of the topics, and the content of the articles is not necessarily 
confined to the subject-matter of the original papers 
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Street lighting in this country is covered by a Code of 
Practice* which lays down the amount of light required, the 
height and spacing of the lanterns, and three broad types of 
light distribution which may be used. 

For main-road lighting the lanterns are normally mounted 
at a height of 25 ft. Each produces a bright patch on the road 
whose size and shape is largely determined by the nature of 
the road surface and partly by the light distribution from the 
lantern (Fig. 1). A complete installation is built up of lanterns 
so arranged that their bright patches marry together: an 
observer moving along the road will see continuously before 
him a bright surface against which objects on the road are 
silhouetted. 


Types of distribution 


The curves of Fig. 2 show examples of the three types of 
light distribution in a vertical plane parallel to the axis of 
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2 Typical light distributions 

a high-angle beam 


b medium-angle beam 
ce cut-off 





the road. The high-angle-beam distribution is intended to 
produce a bright patch with a long tail extending towards 
the observer, so that the best uniformity of road brightness 
can be achieved with considerable spacing (120-150ft) 


* British Standard Code of Practice CP1004: Part I, 1952; Part II, 1956 
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between lanterns. Unfortunately, the relatively high inten- 
sities just below the horizontal cause considerable glare. 

The cut-off distribution, on the other hand, produces neg- 
ligible glare, but the bright patch is now severely curtailed; 
the penalty is a much closer spacing (90-100ft) if reasonable 


expensive optical system, it gives a more refined light distribu- 
tion than anything we have so far produced in this country 
for this particular lamp. 

However, not all foreign street lighting is good, and the 
general standard of lighting in Britain is probably still as 
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3. Light distribution from experimental side-street lantern 


a in vertical plane through the maximum intensity 


uniformity of road brightness is to be achieved. The medium- 
angle-beam distribution is a compromise: reasonable uni- 
formity is normally obtained with a spacing of 120ft, and the 
glare is moderate. 

Since the Code of Practice was published, road engineers, 
in their enthusiasm to produce non-skid roads, have been 
laying surfaces which are so rough and dark that the indi- 
vidual patches have shrunk to a fraction of their former size. 
The resulting installations are patchy and of lower average 
brightness, with consequent increase in glare. 

In spite of the steady improvement in light sources and in 
installation design over the last few years, the road surface 
has tended to take charge of the situation, so that we are now 
witnessing a deterioration rather than an improvement in 
our street lighting. 


Comparison of British and foreign street lighting 


On the Continent, glare in a lighted street is something to 
be avoided at almost any cost. Consequently, a type of cut- 
off lantern, with no optical refinements, is commonly used 
which generally produces a rather patchy result by our 
standards. This is offset to some extent either by decreasing 
the spacing between lanterns or by increasing the mounting 
height, usually the latter; in other words, they use a more 
generous spacing/height ratio (about 3-5: 1) than we do 
(about 5 : 1). By comparison with British installations, Con- 
tinental ones are usually more expensive and more patchy, 
but free from glare. 

The Americans are usually more generous in the amount of 
light they provide in a street than the British, and they often 
use more expensive lanterns. For instance, they use a lantern 
for a mercury-fluorescent lamp which is about twice the 
price of a comparable British lantern. On account of its more 
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b around lantern at 75° to downward vertical (conical) 


good if not better than that found abroad. But, while the 
tendency here is to stand still or retreat, the tendency abroad 
is for steady improvement. 


Some recent experiments : 
In the last decade, a good deal of experimental work has 
been undertaken which not only indicates the need for 
improving street lighting but also offers some guidance on 

how the various problems may be solved. 

The Road Research Laboratory has shown that a change 
from poor street lighting to good lighting in conformity with 
the Code of Practice reduces night accidents by about 30°. 
It has also been argued that, since one mile of street lighting 
costs about £700 per annum, a saving of one such accident 
per mile per annum would pay for the lighting. The case 
has not been proved, but there is a widely held view that a 
new main-road installation can be erected and maintained at 
no cost to the community as a whole. 


Sodium versus mercury 

Recent experiments, both here and abroad, suggest that 
sodium street lighting has certain inherent advantages over 
mercury lighting. It is undoubtedly less glaring, and there is 
some evidence that it may produce a better apparent uni- 
formity of road brightness. 

This discrepancy is aggravated in the case of the mercury- 
fluorescent lamp (whose diameter is large compared with the 
sodium lamp), because we are reluctant to accept the fact 
that a larger lamp needs a larger lantern to produce a com- 
parable result. This reluctance is economic, not technical, as 
any designer of lighting equipment will appreciate. 
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Side-street lighting 

Side-street lighting has, for the most part, been a scaled- 
down version of main-road lighting, and the results have not 
always been satisfactory. Side-street lighting is basically a 
different problem: the economics do not generally permit of 





4 Installation of wall-mounted lanterns 





sufficient light or a sufficiently generous spacing/height ratio 
to enable the road to be lit for safe driving without headlights. 
Indeed, such light as is available should be used for the 
benefit of the householder and pedestrian, and the motorist 
should use his headlights if necessary. 

Some recent experiments suggest that it would be an 
advantage to use a light distribution with four main beams, 
instead of the usual two. Each beam is directed some 25° 
in plan away from the vertical plane parallel to the road 
so that there are two beams directed obliquely towards the 
road and two obliquely towards the houses and front gardens 
(see Fig. 3). The intensities up and down the road are restricted 
to mitigate glare to the motorist and to avoid wasting light 
in the foliage of trees. 


Experiments in installations 


In addition to the formal experiments described above, a 
number of lighting authorities, in this country and abroad, 
have put up unconventional installations which are worth 
studying. 

Fig. 4 shows wall-mounted lanterns using 140watt sodium 
lamps at 25ft mounting-height and 40ft spacing on each 
side of the road. This installation produces about three times 
as much light as is called for by the Code, and the spac- 
ing/height ratio is extremely generous (1-6: 1 in each row). 
The light is directed mainly across the road, so that glare is 
negligible. The absence of poles in a shopping centre is also 
a considerable advantage. 

On the Continent, there have been a number of imaginative 
attempts to solve unusual lighting problems. For example, a 
bridge at Dinant uses 64 fluorescent lamps mounted in the 
handrail (Fig. 5). The cost is approximately 20 times that of a 
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conventional main-road installation, which indicates som, 
thing of the problem of lighting from low mounting-heights, 
In Munich a lantern weighing 1-2 tons and Consuming 
63kW is mounted at a height of 100ft to light a square, Tl 
light output of the lantern is sufficient to light four miles gf 
roadway to our standards. Although the erection ang 
maintenance of such a lantern poses some awkward problems, 
it is a neat way of lighting a large area without the clutter of 
columns which a conventional installation would demand, 


The next phase 


In the last few years we have been suffering from a desire 
to have our street lighting as cheaply as possible, while at the 
same time the road surface has been deteriorating. We must 
now be more generous, and in particular we must accept that 
good lighting on modern roads is hardly possible with present 
spacing/height ratios of 5:1. We can learn from practice 
oversea—the use of generous spacing/height ratios, the 
determination to restrict glare, and the bold experiments 
which are being made. 

We should encourage our own lighting engineers to make 
experiments, if necessary on a large scale, and we should 
take immediate account of favourable results so that they 
can be acted on without delay. 

The amount of light required to offset the unfavourable 
characteristics of modern main-road surfaces is perhaps three 
times the present Code values, and our side streets require 
at least twice as much light as that now specified. 

The lighting of motorways is a matter which has yet to be 
settled. The bulk of informed opinion among technical people 
is in favour of lighting them in spite of the many difficulties, 
While known techniques are certainly adequate, it is still 
desirable to study the relative merits of different types of 
light distribution and lay-out in the particular conditions of 
the motorway. The answer must finally be given by experi- 
ment on a substantial scale. 


5 Bridge-lighting installation 


Our main problem is not technical but financial. The 
installation cost of a typical present-day lighting system is 
some £2000-£3000 per mile of road, which represents only 
2-3% of the cost of the road. The running cost, including 
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amortization, is about £700, or about 1d./ft?, per annum: no 
comparable lighting amenity is expected to proceed on such 
a meagre budget. 

Experience suggests that the ‘lowest tender’ is often the 


hall-mark of indifferent lighting. ‘Good lighting’ costs little 
more, and if, as statistics suggest, it can be obtained at no 
cost to the community as a whole, the small difference in 
cost would seem well worth while. 628.971 


SHORT-CIRCUITS IN MAINS CABLES 


A brief article based on a Supply Section paper (3284) entitled 
‘Short-circuit ratings for mains cables’ by G. S. Buckingham, 
B.Sc(Eng.), Member. The paper was published individually in 
July 1960 and will be republished in Part A of the Proceedings. 
It was read at Savoy Place before the Supply Section on the 
14th December 1960 (see p. 134). The author is with the Midlands 
Electricity Board. 

Paper 3314 ‘A basis for short-circuit ratings for paper- 
insulated cables up to 11kV’ by L. Gosland and R. G. Parr (see 
p. 104) was read at the same meeting. 


 spaneee! currents in cables operating at voltages up 
to and including 11 kV may result from a variety of causes. 
The fault may occur in a transformer; in switchgear; in 
domestic premises; on a rural overhead line fed by the cable; 
or even in the cable itself. It may last a few moments or a 
long time—say Ssec. It may be very severe, near some power 
station, or slight, in some remote dwelling-house. 


New temperature limits 


Wherever it may be, and of whatever dimensions, the 
distribution engineer wants to know what effect the passage 
of the fault current will have on his cables. Since 1938 
he has acted on the assumption that if his cable conductor 
did not rise in temperature to more than 120°C his cable 
could be regarded as undamaged, and he planned his network 
accordingly. 

For some years, however, he has held the opinion that 
this empirical formula is too restrictive and that higher 
temperatures might reasonably be permitted. So the Area 
Boards, the Cable Makers Association and others interested 
in the problem invited the Electrical Research Association to 
investigate the problem and report their findings. 

The investigation is now complete, and E.R.A. Report 
F/T 195 has been published. In an Institution paper based on 
this report* it is shown that cable conductors in paper- and 
cambric-insulated cables may, in short-circuit conditions, 
safely be raised to 160°C. 

At the same time, however, it is shown that there are other 
less well known hazards which must be borne in mind. For 
xample, if the fault current has to find its way back along 
the lead sheath of such a cable, the sheath temperature must 
not be allowed to rise above 250°C, or it will be damaged 
(see Fig. 1). Furthermore, the powerful mechanical forces 


* GosLanp, L., and Parr, R. G.: ‘A basis for short-circuit ratings for paper- 
insulated cables up to IL kV’, Proceedings I.E.E., paper 3314S, August 1960 (108 A) 
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arising from the passage of heavy short-circuit currents can 
cause conductors to burst the insulation and even the lead 
sheath of multicore cables. Fig. 2 shows damage caused by 
short-circuit current to a 3-core 0-35in.? 11kV cable. 
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1 Comparison of 1938 and 1960 recommendations for safe 
carrying capacity of 3-core 0-2in.* p.i.l.c. 11kV cable in 
short-circuit conditions 
——-— 1938 recommendations based on conductor temperature 
of 120°C 

— 1960 recommendations based on conductor temperature 
of 160°C and limited by currents liable to burst lead 
sheath 

—-—— 1960 recommendations based on sheath temperature 
of 250°C 





Area Boards all follow the well established custom of 
earthing the neutral points of their 11 and 6-6kV systems 
through a resistor or reactor, and this has always limited the 
value of earth-fault currents arising from short-circuits to 
earth. The new information will not cause them to amend 
their present plans. 

Faults between phases, however, are not limited by earthing 
resistors, and in such circumstances the E.R.A. researches 
will be most valuable. If such a short-circuit also breaks 
down to earth—as is most likely—the lead sheath of the 
cable will have to carry the full fault current and may be 
seriously imperilled. 


Duration of short-circuit 


This is even more true if the armouring wires—which can 
share the current—are not properly bonded at joints and do 
not, in fact, carry their proper burden. The time during which 
a short-circuit persists has an important bearing on the 
security of the cable, and it is recommended that calculations 
should be based on the time taken for the secondary, or 
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back-up, protection to operate. This is normally regarded as 
about 3sec. 
In medium-voltage distribution networks, the short-circuit 





ae =f : ates SE : , 
2 Damage to 3-core 0-35in.2 11kV cable caused by short- 
circuit current 





levels are such that periods of 3sec could not be tolerated. 
The result is that high-speed h.b.c. fuses are almost 
exclusively used for the protection of m.v. cables in streets. 


The time taken for such fuses to operate is so little that the 
prospective short-circuit current is never reached and domestic 
distribution cables may suffer very little damage. Care jg 
required only in the case of small house-service cable 
solidly teed to large main cables protected by fuses of very 
high rating. 


Industrial installations 


In power stations and industrial installations, oil circuit. 
breakers without back-up protection can occasionally be found, 
sometimes in circumstances where heavy short-circuit power is 
available. It is to be hoped that this paper (3284) may encour. 
age engineers in charge of such equipment to consider the 
manner in which any unnecessary risks may be reduced. 

It is true that in practice very few faults develop the maxi- 
mum short-circuit power that is theoretically available. This 
may be due to the fact that the insulation takes some time, 
a second or two, to fail; or a fault starts as an earth fault and 
is tripped before it fully develops into a phase fault; or the 
inherent resistance of the fault itself may be high enough to 
prevent a full short-circuit. 

If this has encouraged engineers to be complacent about 
the risks they run, they are recommended to make themselves 
acquainted with the facts by a perusal of the paper—thos 
who are concerned about the safety of their cables will already 
have done so. 621.315.21 


Short-circuit ratings for cables up to 11kV 


A short review based on a Supply Section paper (3314) entitled 
‘A basis for short-circuit ratings for paper-insulated cables up 
to 11kV’ by L. Gosland, B.Sc., Member, and R. G. Parr, 
B.Sc.(Eng.), Associate Member. The paper was published 


individually in August 1960 and will be republished in Part A of 


the Proceedings. It was read before the Supply Section on the 
14th December 1960 at Savoy Place (see p. 134). Mr. Gosland 
and Mr. Parr are at the Electrical Research Association 
Laboratory. 

Paper 3284 ‘Short-circuit ratings for mains cables’ by G. S. 
Buckingham (see p. 103) was read at the same meeting. 


bbe allowable short-circuit current for a paper-insulated 
cable is usually based on a maximum conductor tempera- 
ture, which in Britain has been 120°C. The short-circuit 
current J kiloamperes is then expressed by an equation of the 
type \/t = KA,, where t seconds is the duration, A, square 
inches is the conductor cross-sectional area, and K is a 
constant. At very short durations this equation allows very 
high currents which may burst the cable by electromagnetic 
forces, and so a minimum time of 0-2sec is usually specified. 

Modern conditions necessitate closer system design, and it 
is advantageous to increase the permissible temperature. 
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Investigations have shown that an increase of conductor 
temperature is possible and have established additional 
criteria by which the short-circuit duty of a paper-insulated- 
cable installation may be defined. 


Longitudinal expansion of conductors 

Longitudinal expansion of conductors results in mechanical 
stress on the cable installation as a whole, and if the effective 
longitudinal strength of a cable is sufficiently high the forces 





1 Damage to a straight-through joint owing to longitudinal 
conductor expansion 
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may damage the joints and terminations (Fig. 1). The longi- 
tudinal mechanical strength of a cable depends on the support 
given by its environment and is likely to be greatest when 
the cable is buried directly in firm soil. Friction between 
cores and cable envelope opposes conductor movement and 
may relieve the joint of an appreciable part of the thrust. It is 
desirable for the conductor in a joint to be as straight as 
possible, with minimum unsupported length. 

Damage to straight-through joints in 11kV systems is 
avoided if a maximum temperature rise of 120°C is respected. 
This rise must be reckoned from the temperature at which 
the cable system is free from longitudinal mechanical stress. 
For buried cables this temperature is midway between the 
maximum and minimum operating temperatures of the cable. 
In these conditions, the permissible short-circuit current is 
given by J = 76°5A,/\/t kiloamperes and the nominal peak 
conductor temperature is 160°C. Reasons have been put 
forward* for limiting cables in air or in ducts to the same 
temperature of 160°C. 


Charring of the dielectric 


Charring of the dielectric is dependent on the nature of the 
paper and the rate of cooling and hence the size of conductor. 
It increases rapidly with increase in temperature and becomes 
significant only when the conductor temperature exceeds 
200°C. The cooling period of all but the smallest conductors 
is long compared with the short-circuit duration, and thus it is 
sufficiently accurate to ignore the latter. Short-circuit tempera- 
tures which just avoid charring vary from 250°C for the 
larger conductors to 300°C for the smaller ones, and much 
exceed the limits necessary to avoid mechanical damage to 
the joints. 


Electrical discharges 

The dielectric is subjected to considerable thermal and 
mechanical stresses during and immediately after a short- 
circuit. Measurements of discharge-inception voltage, made 





before and after short-circuit tests in which cable movement 
was restrained, suggest that a short-circuit within the limit 
set by thermo-mechanical forces may temporarily cause voids, 


* Beavis, E. A.: ‘Cable short-circuit currents’, Electrical Review, 1952, 150, p. 385 
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which give rise to significant discharges, but that these voids 
are filled up during subsequent heat cycling or rest. 


Temperature limit for lead sheaths 

In the event of an earth fault, a cable sheath may be called 
on to carry short-circuit current. Lead or lead-alloy sheaths 
are mechanically very weak at temperatures well below the 
melting point. Fig. 2a shows a circumferential crack resulting 
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3. Short-circuit ratings for 3-core O-3in.* paper-insulated 
lead-sheathed 11kV cable 


a conductor limit set by thermal expansion 
b sheath current for a temperature of 250°C 
¢ present conductor limit of 120°C 


Horizontal line through P represents the calculated bursting 
current 
Horizontal line through Q represents the suggested limit to avoid 
bursting 


from brittle tensile failure during cooling, and Fig. 2b shows 
a longitudinal split attributable to electromagnetic forces 
between conductor and sheath. Both these forms of damage 
are avoided if the sheath peak temperature does not exceed 
250°C. 

Another form of sheath deterioration which has been 
examined is increase in grain-size due to heating of the sheath. 
Experiments using Alloy E material have shown that signifi- 
cant grain growth is avoided if the sheath transient tempera- 
ture is limited to 205°C peak. There is always a significant 
heat loss from a sheath during a short-circuit, and the actual 
peak temperature is lower than that calculated on a basis of 
energy absorption by a margin which will always be more 
than 10°, and which increases with diameter of sheath. If 
the sheath short-circuit limit is calculated on the basis of a 
peak temperature of 250°C, using the simple basis of total 
energy absorption, the heat losses will provide a reasonable 
margin of safety and ensure that no significant grain growth 
occurs. If a sheath temperature of 60°C before short-circuit 
is assumed, the permissible sheath current is given by 
I = 19 A,/\/t kiloamperes. 
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Relief afforded by armour 


Provided that armour bonds are carefully made, steel-wire 
armour affords considerable relief to the sheath by acting as a 
parallel path for earth-fault currents. The relief may be 
calculated with sufficient accuracy using the d.c. resistances 
at 20°C of sheath and armour. The fraction of the total 
current flowing along single-wire armour is in the region of 
two-thirds to one-half, depending on cable size. No relief is 
given by steel-tape armour. Care is necessary when making 
armour bonds if the current division envisaged is to be 
achieved and maintained and damage to the clamp and 
armour avoided. 


Bursting by electromagnetic forces 


The short-circuit current necessary to burst the envelope 
of belt papers and sheath has been calculated from the 
measured strengths of the materials and agrees with experi- 
mental values. Assuming that the cable is damaged during 
the initial asymmetry occurring with a 3-phase fault in a 
circuit with a power factor of 0-15, and that the safe current 
can be taken as 70% of the bursting current, the permissible 


current is given by J = 2-04 +/[s(f,tp + f,t,)] kiloampenss 
r.m.s. symmetrical, where s is the distance between conductor 
axes and /,, f, and f, f, are the tensile strength and thickness 
of belt papers and sheath respectively (pound and ingh 
units). 


Application of ratings 
The application of the above considerations to ratings for 
an 11kV 3-core belted cable is illustrated in Fig. 3. The curves 
show the current determined by the temperature limits for the 
conductor and sheath; the horizontal line through Q shows 
the maximum current, irrespective of duration, determined 
by the bursting of the cable. Evidently, for an installation of 
this particular cable, in which the earth-fault current is equal 
to the 3-phase fault current, the limit set by the sheath is 
decisive. This will be often, but not always, the case. The 
conductor and envelope of a cable may each be said to have 
a definite short-circuit rating, but the cable as a whole hasa 
specific rating only in relation to use in a circuit in which 
both 3-phase and earth-fault currents are defined. 
621.315.211.2.0143 


400kV network in Sweden 


A short account of the Supply Section Annual Lecture (3380) 
‘The development of the 400kV network in Sweden’ by 
G. Jancke, which was delivered on the 11th May 1960 at Savoy 
Place. (A report of this meeting appeared in the July 1960 
Journal, p. 458.) The lecture is published this month in Part A 
of the Proceedings. The author is with the Swedish State Power 
Board. 


WEDEN possesses no domestic sources of fossil fuels, 

whereas an abundant supply of relatively-cheap water 
power is available. The geographical distribution is dis- 
advantageous, owing to the fact that 85°% of the water-power 
resources is found in the northernmost part of the country, 
whereas 85% of the population live in the south. 

The consumption per inhabitant is about 4300kWh 
annually. About 3000 MW is transmitted from north to south, 
mainly on a 400kV network. The first line of 600 miles was 
commissioned in 1952, and the 400kV network now comprises 
2000 miles, with a length of 900 miles between the extreme 
terminal points. Fig. 1 shows a tower of the gantry type used 
in the first 400kV line. The installed transformer capacity 
amounts to about 1O000MVA. It is estimated that within 
the next 20 years the demand for power transmission will 
have risen to 8000-10000MW, which will have to be 
transmitted 500-600 miles on average. 

The most important problems in planning have been 
related to stability, insulation level and radio interference. 


Stability 


Several measures have been taken to improve stability. 
The lines are provided with twin conductors, which reduces 


106 


the reactance by about 25% and simultaneously reduces 
corona losses and radio interference. For reduction of the 
transmission reactance, the best and cheapest method is, 
however, to use series capacitors. 600 MVAr has been installed 
in five 400kV plants, more being under construction. 

In the power stations, the reactance is reduced by choosing 
transformers with a low short-circuit voltage (Fig. 2) 
Auto-transformers are used exclusively at the receiving-end 
stations. 

In step with the increasing transmission, it has proved 
suitable to increase the size of the individual power lines and 
transformers. New lines are constructed for an optimum load 
of 800-1I000MW, and transformer banks of the same 
magnitude are installed. 

The short-circuit power at the 400kV busbars now amounts 
to a symmetrical maximum of about 12000MVA, and it is 
estimated that it will increase to nearly 20000MVA. On the 
l.v. side of the transformers it is calculated that a maximum 
of 12000MVA will be obtained at 220kV and 8000MVA at 
130kV. At the generator busbars and on the tertiary side in 
the receiving stations, i.e. at 15-20kV, more than 4000 MVA 
is obtained in certain cases. No measures are usually takea 
to reduce the short-circuit power, siice a low reactance is 
desirable from the viewpoint of stability and for limiting the 
voltage rises in abnormal operation. 


Insulation level 

As to the choice of the insulation level, it is necessary to 
take into account the conditions which exist in normal 
service and also the overvoltages which may be set up within 
the system itself or which may be of atmospheric origin. 


JOURNAL I.E.E. 








A mi 
not Cé 

The 
one fe 
the vi 
a loa 
phase 
transi 
circui 
on th 
lengtl 
line p 

In| 
for al 
toas' 
voltas 
insulz 
circul 
prope 
non-f 

At 
and | 
equip 








1275) 
shoul 
1300) 
They 
with 


FEBR 





Us for 
Urves 
or the 
hows 


on of 
equal 
th is 


have 
has a 
vhich 


2.0143 


y to 
mal 
thin 
gin. 








A minimum requirement is that internal-voltage rises must 
not cause a breakdown in operation. 

The internal overvoltages are set up when changing from 
one form of operation to another; and they consist partly of 
the voltage rises at the operating frequency when interrupting 
a loaded line, along a line connected at one end and in sound 
phases in the case of a single-phase earth fault, and partly in 
transient phenomena and switching overvoltages from the 
circuit-breakers. The latter overvoltages are superimposed 
on the voltage increases at the operating frequency. The line 
length, the available short-circuit power, and the load on the 
line play decisive roles. 

In the first stage, the insulation level of 1775kV was chosen 
for all station equipment. The line insulation corresponded 
to a surge-withstand voltage of 1580kV and a | min-withstand 
voltage of 715kV in rain. It has been possible to lower the 
insulation progressively in step with the increase in short- 
circuit power in the network, the improvement in the 
properties of the surge diverters, and the availability of 
non-restriking circuit-breakers. 

At present, 1425kV insulation is employed for transformers 
and cables and 1550kV for bushings and other station 
equipment. The lines have a surge-withstand voltage of 


1 Tower in the first Swedish 400k V line 


1275kV and a I min-withstand voltage of 640kV in rain. It 
should be possible to lower the transformer insulation to 
1300kV. The transformers are impulse-tested with a full wave. 
They are protected by surge diverters. The lines are equipped 
with two earth-wires. 
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Atmospheric overvoltages are ignored in the choice of 
insulation. The isoceraunic level averages 11. The lines have 
been subject to 0-18 lightning faults per 100 miles per year. 

The atmosphere is very clean, and only in the vicinity of 
the Swedish west coast is an increase of the creepage path 
needed. The voltage distribution along the insulator chain is 
improved by a grading ring. 


Radio interference 


Radio interference is insignificant. The present lines have 
a maximum field strength of 39-4kV/in. at the conductor 
surface. It will be appreciably reduced in the new lines with 
heavier conductors. On the occurrence of earth faults in the 
400kV lines, relatively large e.m.f.s may be induced in 
telecommunication lines running in parallel because of the 
poor conductivity of the ground. Protective measures must 
therefore be taken, which is done almost exclusively on the 
disturbed side. 


Future voltage 

The 400kV lines produce about 900kVAr capacitive 
reactive power per mile. For the whole network, 1800 MVAr 
is produced. Shunt reactors for about 1000MVAr have 
been installed and have been connected in units of 60 or 
40MVAr to the generator busbars or the tertiary windings 
of the transformers. New reactors will be connected directly 
to the 400kV side. 

In addition, 400 MVAr in the form of synchronous machines 
is available in the receiving stations. With full load on the 
network, the latter consumes more reactive power than the 
capacitive generation provides. Shunt capacitors have been 
installed on an extensive scale, usually close to the load 
centres. 
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3 Control room 





In principle, the network is operated at a constant voltage, 
but at heavy loads the voltage at the receiving end is allowed 


to drop to 380kV while 400kV is maintained at the pow 
stations. 

For a long time there has been a tendency to replag 
manual operation of control equipment by automatic and 
remote operation. A control room is shown in Fig, 3. 

Investigations have been undertaken relating to the choig 
of voltage for future installations. They resulted in a decision 
to continue to use 400kV. The technical problems encountered 
in this network vary with time. The load will be doubled jp 
10-12 years, which necessitates the construction of more and 
more lines with a constantly increasing loading capacity, 

Planned lines will carry 800-1000MW per single-circuit 
unit. Transformer banks consisting of single-phase units o 
3-phase transformers are used, whose size is limited only by 
the transport facilities. The stability problems are rendered 
easier and the demands on insulation are lowered, whereas 
the short-circuit power rises. The specific Swedish problems 
thus come to resemble, more and more closely, those 
in countries with a concentrated network, without, how. 
ever, entirely losing their own distinctive character. 

621.315. 


Fully automatic aircraft-landing approach 


A short account of a Graduate and Student Section paper with 
the above title by J. M. Walker, Graduate. The paper was read 
before the Bristol Graduate and Student Section at Bristol on 
the 23rd April 1959 and was awarded a premium by the Council. 
The author is with Smiths Aircraft Instruments Ltd. 


RADIO beam transmitted from the ground was first used 

for aircraft navigation in the mid-1930s. The system, 
the German Lorenz navigation system, utilized two con- 
tinuous-wave beams, projected one on either side of the 
runway, coded dot and dash respectively, and overlapping 
along the projected runway centre-line. The audio output 
from a simple radio receiver in the aircraft—dots, dashes or 
a continuous buzz— indicated that the aircraft was respectively 
to the left, right or centrally placed in relation to the runway. 


The instrument landing system 


The present-day instrument landing system (I.L.S.), which 
came into use in 1945, provides lateral guidance using two 
overlapping c.w. patterns in the horizontal plane known as 
the localizer beam (Fig. 1). 

Vertical guidance is similarly provided by the glide-path 
beam in the vertical plane from a second transmitter 1000ft 
from the touch-down point and 500ft to one side of the run- 
way. The centre-line of this beam is normally set at 3° to the 
horizontal and defines the correct descent path to the touch- 
down point. 

The outputs of the localizer and glide-path receivers are 
proportional to the degree of divergence from the centre-lines 
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of the localizer and glide-path beams. The characteristic of 
the localizer receiver is shown in Fig. 2, where the d.c. output 
is plotted against o, the angle between the beam centre-line 
and the line joining the aircraft to the transmitter. This 
characteristic is obtained by modulating the c.w. beams by 
tones of 90 and 150c/s respectively. The receiver output is 
proportional to the difference of the two tones in the cw. 
signal at the receiver aerial, the sense of the output depending 
on which tone predominates. 

The glide-path receiver, on a different c.w. frequency, 
similarly produces a d.c. output which is proportional to the 
angle 8 between the line joining the aircraft to the transmitter 
and the centre-line of the glide-path beam. 

Initially, the receiver outputs were displayed on an I.LS. 
indicator—a cross-pointer meter in which the horizontal and 
vertical pointer deflections are proportional to B and @ 
respectively—and the pilot was required to fly the aircraft 
to reduce the pointer deflections to zero. In the early 1950s, 
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the receivers were additionally coupled to the automatic- 
pilot bank- and pitch-control channels to give automatic 
manoeuvring at from 20 miles to less than half a mile from 
touch-down and a height of 200ft. 





Automatic approach 

In the first stage of an approach, the aircraft homes onto 
an automatic direction-finding (A.D.F.) station situated on 
the run-in about four miles from the runway. This enables 
the pilot to bring the aircraft into the localizer-beam coverage 
and start the second phase, in which the aircraft is made to 
track onto the localizer-beam centre-line. 

The pilot initiates the track phase when the I.L.S. localizer 
indicator shows a steady deflection; the aircraft will be some 
10-20 miles from the runway and in a region where the 
localizer beam is saturated, giving maximum radio output 
signal. The power output from the receiver is only a few 
microwatts, but only one low-level amplification stage is 
necessary to couple the receiver to the auto-pilot to turn the 
aircraft by banking. This is done using the aileron channel 
power amplifier, a servomotor and a linkage to the aileron- 
control surfaces. 

The glide-path phase is begun when the I.L.S. indicator 
shows that the glide-path beam has been intercepted. The 
glide-path deviation signal is then coupled into the auto-pilot 
pitch channel, as well as a fixed signal to change the aircraft’s 
pitch datum attitude by 3° nose-down. The glide-path signal 
controls the pitch attitude until the descent path coincides 
with the centre-line of the beam. The aircraft will fly down 
the beam, controlled by the glide-path and localizer deviation 
signals, until, at a height of 200ft, the pilot takes over for the 
actual touch-down. 


Heading-error stabilization 


The form of control provided by the system in the track 
phase may be expressed ideally as: bank angle applied, 
¢ = Ko, where ¢ is the aircraft bank angle in degrees; K is 
a constant; and a is the localizer deviation angle in degrees. 

The track phase is usually started in the region where the 
localizer beam is saturated, i.e. the radio output signal is 
constant. This would result in the application of a constant 


A brief article based on a Graduate and Student Section paper 
with the above title by B. G. Cryer, Graduate. The paper, which 
was the Chairman’s Address for the 1959-60 Session, was read 
at Sheffield before the Sheffield Graduate and Student Section 
on the 14th October 1959 and was awarded a premium by the 
Council. The author is with the Yorkshire Electricity Board. 


om high cost of land available for commercial development 
in city centres is now forcing developers to build upwards 
'o heights unprecedented in this country. 
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bank angle which would turn the aircraft in a circle on one 
side of the beam. If engagement of the track phase were 
delayed until the aircraft was in the linear region of the beam, 
i.e. within the +6° sector, it would intercept the centre-line. 
However, there is no anticipation of approach to the line 
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2  Localizer-receiver characteristic 





in the system, and a series of overshoots would take place 
before the aircraft finally flew along the centre-line. 

These limitations are overcome by adding a second term 
in the control equation by the introduction of an electrical 
signal proportional to the heading error, y, which is the 
angle between the aircraft’s magnetic heading and the known 
magnetic heading of the runway. This signal is obtained from 
an instrument mounted in the pilot’s control panel. This 
instrument, called the heading selector, is basically a compass 
repeater, and the pilot can set in the heading of the runway 
to be used, by means of a knob on the front of the instrument. 

The heading-error and the radio-deviation signals are 
algebraically summed in the coupling amplifier. The control 
equation for this system is: ¢ = K,o + Kyp. 

By inspection it can be seen that, if the radio signal alone 
banked the aircraft to the right to reduce the deviation a, the 
aircraft would have to bank to the left to reduce ys; thus 
the two signals are in opposition, and the heading error per- 
forms the function of a damping signal. The system constants 
K, and Kj are selected so that the aircraft subsides onto the 
beam with only one small overshoot. 621.396.933.23 


The rising service 


with the increasing use of electricity for heating, especially 
on off-peak tariff, is creating many new problems for the 
supply undertakings. 


Home development 

The tenancies of large blocks of shops and offices can vary 
widely in scope and complexity, depending on the ultimate 
use of the structure. From the owner-occupied building 


This, together 2: ~ (where the developer owns and occupies the building) to the 
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multi-tenanted block (where each floor may have a number 
of sub-tenants) there can be as many as 18 different methods 
of letting, depending on the division of responsibility for 
lighting and electric heating between landlord and tenants. 
This means a possible 18 alternative methods of distributing 
electricity throughout the block. 

Since even after occupation the tenancies can frequently 
change, it is usual for the supply undertaking to be responsible 
only for providing supply to a number of positions throughout 
the building, the tenants being responsible for wiring back 
their own circuits to these positions. 

These communal service positions accommodate all the 
undertaking’s cut-outs and meters, together with the main 
switch-fuses for the tenants supplied from it. This equipment 
is arranged to allow circuits to be grouped to take advantage 
of diversity on maximum-demand tariff or floor area on 
block tariff. 

The number and locations of the positions provided 
depend on the shape, height and loading of the building, 
the space available at each position for future load growth, 
and the proximity to points in the building where the rising 
mains can be run to feed each position. 

A high-voltage substation is established in all but the 
smallest developments, and this feeds the one or more 
service positions throughout the block. Service positions are 
fed individually, each by a separate main from the substation, 
or several positions are grouped together on one main. 


Vertical distribution system 


Multicore paper or p.v.c.-insulated power cables, mineral- 
insulated cables, and insulated busbar systems are all com- 
monly used for the vertical distribution system. Multicore 
power cables with non-bleeding paper or p.v.c. insulation are 
convenient for carrying heavy loads to ‘sub-distribution’ 
positions. They require little space, are easy to install and 
form a very economic installation. 

A busbar system is usually more expensive than a cable 
system and requires more space, dry conditions, adequate 
air flow, clear straight runs, and full accessibility for subse- 
quent maintenance. Electrically, however, it is extremely 
flexible, it can feed a large number of tenants at each position, 
and its capacity can often be increased as the demand rises 
by changing or increasing the busbar size. 

Mineral-insulated cables can withstand dampness, heat and 
accidental knocks, have a small minimum bending radius, 
and can negotiate difficult structural features. 

Usually a combination of two or more systems produces 
the most advantageous and economic scheme, the one 
adopted depending on the electrical load to be catered for, 
the flexibility required, and the facilities within the structure 
in which the mains can be accommodated. 

Modern buildings have vertical and horizontal ducts in 
which all the utilities are accommodated. These ducts, if close 
to the service position, are often suitable for carrying the 
rising mains, but sometimes a separate duct is desirable. 
Since no two buildings are the same, no two distribution 
systems can be the same, and each must be designed to 
suit the special requirements and features of the particular 
development. 
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Oversea development 


Many foreign countries have already faced these problems, 
and in New York alone there are more than 60 buildings over 
30 storeys high. Experience has shown that, in almost all 
these buildings, high-voltage substations at the higher levels 
are necessary. The building then becomes a number of self. 
contained units, each equivalent to a smaller block with 
medium-voltage distribution only. 

The famous 1250ft-high Empire State Building, with 
102 floors, 25000 tenants and a demand of 26 MVA, has seven 
substations as follows: 


Transformer 

Floor Position banks 

ground — 5—1 x 1000kVA 
20th — 4—3 x 333kVA 
4ist east 4—3 x 200kVA 
4ist west 2—3 x 333kVA 
84th east 2—3 x 333kVA 
84th west 4—3 x 200kVA 
84th south 4—3 x 333kVA 


Specified-service lifts are used to carry the equipment to 
the higher levels. 

Low-impedance 7-core v.r.i. screened cables are used for the 
medium-voltage risers, and 3-core v.r.i. screened cables for 
the higher voltages. Both types are steel-wire armoured and 
are drawn into 4in. steel pipes cast into the building. Special 
clamps anchor the cable armouring to the pipe at the upper 
end, no other support being provided. 

For security of supply, each section of the building is 
supplied from different primary cables and transformers, 
Medium-voltage interconnectors further improve security. 
The communal services provided by the landlord are similarly 
sectionalized and fed from several separate points of supply 
throughout the building. 


United Nations building 


The more recently completed 39-storey United Nations 
building has substations at ground and 28th floors, and four 
high-voltage and six medium-voltage cables are brought into 
these substations from the surrounding network. The secon- 
dary distribution is split into power, normal and emergency 
lighting, with each riser feeding part of every third floor. 

As an additional insurance against complete outage, these 
runs are spread over two separate riser shafts, both split at 
the 17th floor to quarter the building effectively in case of 
external damage to the structure. There can be no doubt that 
security of supply is very important in buildings having a 
large electrical load, and where the life in the building would 
be totally disrupted by loss of supply. 


Future development 

It is difficult to foretell how the large blocks of offices now 
being considered in this country will be fed. Certainly, if 
electric floor-heating is used extensively, it may be necessary 
to have high-level substations in buildings of less than 
30 storeys—an all-electric building 25 storeys high, 100ft 
square, could have a total floor-heating load of 4MVA. Only 
time will show whether oversea practice will be applied of 
whether new methods will be developed. 621,316.17 
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The electric arc 


A synopsis of a Review of progress (paper 3498) entitled 
‘Properties and theory of the electric arc’ by H. Edels, 
BSc.Tech., Ph.D., Associate Member. The paper is published 
this month in Part A of the Proceedings. The author is Reader 
in Electric Power Engineering, University of Liverpool. 


HE electric arc is well known for its characteristic properties 
of high temperature and intense luminosity, and for its 
utility as a high-current gaseous electric conductor. In the last 
40 years, research has provided many new data and a clearer 
understanding of arc structure and properties. 
Between the cathode and anode electrodes, the arc consists 
essentially of three main regions, namely: 


1. The cathode region in which exist space-charge conditions 
necessary for maintaining electron emission from the cathode 
2. A positive column which is electrically neutral, conducting 
therefore both electron and positive-ion currents, and which 
is normally in thermal equilibrium 

3. An anode space-charge region which is necessary for the 
production of the positive-ion current. 


The properties of the positive column are those of a gas 
mixture at a temperature high enough to produce thermal 
ionization. A knowledge of the variation with temperature 
of the gas composition, and of the coefficients of electrical 
and thermal conductivity, is necessary for even a simple 
theory of the column. With these data, and assuming 
cylindrical symmetry and energy losses only by thermal 
conduction, the volt/ampere characteristic of the column can 
be predicted. This form of column is defined as wall- 
stabilized. Two other forms of spatial stabilization are 
possible, namely convection and electrode stabilization. The 
theories of these latter arc forms are not yet fully developed. 

Current continuity at the cathode is provided by cathodic 
electron emission. For high-melting-point materials, e.g. 
carbon, tungsten and molybdenum, this is obtained therm- 
ionically, and such arcs have a stable cathode root (spot). 
For low-melting-point materials, e.g. copper and mercury, 
the spot is highly mobile, and the emission is most likely due 
to a high-field mechanism. However, many other hypotheses 
have been proposed, and no finally agreed theory has been 
accepted. In relation to the cathode, the arc is classified, 
therefore, into two main types—refractory and cold cathode. 

Recently, the contraction region between the positive 
column and the cathode spot has been analysed, and the 
theory indicates the existence of several well defined forms of 
contraction stabilization, the arc choosing the form giving 
minimum voltage. Many phenomena may be observed at the 
cathode, e.g. vapour jets. Theory indicates that these are 
often produced by electromagnetic pinch effects or thermal 
forces. Retrograde motion of the arc in magnetic fields also 
depends on phenomena at the cathode. 

For most arcs, positive ions are not emitted by the anode, 
but are produced in the anode region by field and thermal 
forces. The theory of the contraction from positive column 
to anode spot is the same as that for the cathode region. The 


£nergy balance at the anode is, however, simpler than that at 


the cathode. 
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Synopses of papers 


ON this page are synopses of papers published in the Proceedings which 
have not been read at Institution meetings and which have not been 
reviewed in the Journal. They are included here primarily for reference. 
Reprints will be available about two months after publication 





In order to deal adequately with and make progress in 
understanding the fine structure of the arc regions, the theory 
of transient electrical conduction in gas mixtures must be 
used. The fundamental equations are the conservation 
equations of mass, momentum and energy; the current- 
density equations; the equation of current continuity; and 
the Maxwell equations. A knowledge of the theories of 
compressible-fluid flow and irreversible thermodynamics is 
often required. The complexity, however, is such, and the 
important coefficients are so often non-linear, that progress 
can be made only with many simplifying assumptions. For 
this reason, the theory and optimum engineering of arc 
equipment are not yet definable. 

Two arcs in particular have been substantially studied over 
many years: the carbon arc in air and the mercury-vapour 
arc. The carbon arc up to about 50amp is classified as a 
low-current arc. Above this value, an arc core and vapour 
jets develop, and a large anode flame is produced. This gives 
a rising volt/ampere characteristic and defines the onset of 
the high-current arc. 

The mercury arc is used for illumination and rectification 
purposes. The electric arc is also used extensively for welding, 
and the recent use of inert-gas shielding and electrode activa- 
tion is of interest. In circuit-breakers, the arc acts as a 
protection for the circuit. However, the problem of arc 
interruption is formidable. Fundamental investigation of this 
matter and of the many other problems of arc utilization 
is, however, being actively pursued. 621.387 : 621.014.31 


Erosion of contacts by arcing 


A synopsis of a Utilization Section paper (3486) with the above 
title by Prof. M. A. B. El-Koshairy, Ph.D., Member, M. 
Khalifa, M.Sc., Ph.D., Graduate, and F. Aboul-Makarem, 
B.Sc., M.Sc. The paper is published this month in Part A of the 
Proceedings. Prof. El-Koshairy was formerly Head of the 
Department of Electrical Engineering, University of Cairo, and 
is now Secretary General of the Electricity Commission of the 
United Arab Republic. Dr. Khalifa is in the Department of Elec- 
trical Engineering, University of Cairo. Mr. Aboul-Makarem 
was formerly at the Royal Institute of Technology, Sweden, and 
is now at the High-Power Laboratory, A.S.E.A., Sweden. 


tte effect of the current waveshape on the rate of arc 
erosion is studied for currents of 180—-1090amp, with 
contacts of molybdenum, steel and a sintered mixture of 
tungsten and copper. The amount of arc erosion is found to 
increase with current amplitude for a constant arc charge. 
It is not linearly proportional to either the arc charge or its 
current amplitude. It increases with current amplitude at an 
increasing rate over the range of tests. It is sensitively affected 
by the contact separation in the millimetre range. 
621.316.5.014.31 
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PAPERS AND MONOGRAPHS 
published individually this month 


Papers accepted for reading at meetings, and monographs, are first 
published individually and are republished later in the Proceedings of 
The Institution; as soon as the separates are available, they are 
described in this feature. The papers are supplied free of charge; the 
price of a monograph is 2s. 

In addition, reprints of papers read at meetings, including the discus- 
sions thereon, and of papers not read at meetings, become available, 
price 2s., within two months of their appearance in the Proceedings. 

Applications quoting the serial number of the paper, monograph or 
reprint as well as the author’s name, and accompanied by a remittance 
where appropriate, should be addressed to the Secretary of The 
Institution. 

Those who obtain a copy of a paper published individually are 
urged—if they do not take the Part of the Proceedings in which it will 
be republished—to apply in due course for a reprint, as this is the final 
and correct version and includes the discussion. 





PAPERS 


Influence of humidity on the breakdown voltage of sphere-gaps and 
uniform-field gaps Paper 3322M, Part A 


E. KUFFEL, M.SC., PH.D. 


STUDIES were made of the influence of humidity on the breakdown 
voltage of gaps in air. The voltages were measured for gaps between 
uniform-field electrodes and between spheres. The sphere-gaps 
comprised 2, 6-25, 12-5 and 25cm-diameter spheres which were 
enclosed in an air-tight chamber in which the humidity was varied 
between 0 and 17mmHg of water-vapour pressure. 

An increase in breakdown voltage of up to 5-5% was observed 
for some gaps when the humidity was increased. The change in 
voltage for a given change of humidity varied with gap length and 
with the shape of the electrodes. It was largest for uniform-field 
electrodes and decreased with decreasing size of spheres. With 
sphere-gaps, the effect increased with gap length, reached a maxi- 
mum at a spacing which depended on the sphere diameter, and 
then decreased to about half the maximum value as the gap was 
increased still further. 

The results were obtained with sphere-gaps which were varied up 
to a maximum length approximately equal to the sphere diameter. 


To be read on the 21st February 1961 


The direct-voltage calibration of air-gaps in a uniform field and 
between spheres up to 25cm in diameter Paper 3372M, Part A 

E. KUFFEL, M.SC., PH.D. 

THE direct breakdown voltage of gaps between spherical and plane 
electrodes in air was measured in controlled test conditions, using 
2, 6:25, 12:5 and 25cm-diameter spheres. The factors which 
influence the breakdown voltage are studied systematically, and 
their effect on the calibration data is discussed. Calibration tables 
for sphere-gaps and uniform-field gaps are given, and the results 
are compared with the new values proposed by the I.E.C., which 
have just received international approval and are about to be issued. 


To be read on the 21st February 196i 


The influence of nearby earthed objects and of the polarity of the 
voltage on the direct-voltage breakdown of horizontal sphere-gaps 
Paper 3371M, Part A 


E. KUFFEL, M.SC., PH.D., and A. S. HUSBANDS, B.SC.(ENG.) 
EXPERIMENTS were made to determine the influence of nearby 
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earthed objects on the breakdown voltage of 6-25 and 12-5¢. 
diameter sphere-gaps. The effect is a function of both gap length 
and sphere diameter. 

A method is discussed for establishing clearances which ar 
suitable for use when the sphere-gaps are employed for accurate 
voltage measurement. Recommended clearances are quoted which 
are suitable for all sizes of sphere, and a distinction is maé 
between the clearance conditions required for experimental calibr. 
tion of the breakdown voltage and those required when a calibrated 
gap is used for the measurement of voltage. 

The polarity of the direct voltage has only a small influence o 
the breakdown voltage of the gaps. 


To be read on the 21st February 196] 


The place of formal study in the postgraduate training of an electrical 
engineer Paper 3539, Part A 


N. N. HANCOCK, M.SC.TECH., and P. L. TAYLOR, M.A. 


THE need is examined for a period of formal postgraduate study by 
electrical engineers who will be concerned with research and 
development work in industry, as an integral part of their training 
It is concluded that the need is real and that study should bk 
deferred for a year after graduation. Study courses could with 
advantage be organized co-operatively by an academic institution 
and local industry and should be held at the academic institution, 

The possibilities of a full-time full-sessional course, a full-time 
course lasting about one term, and a part-time course are com 
sidered. The advantages, both educational and practical, ar 
discussed, and it is concluded that the national and industrial 
needs are best met by the full-time one-term course. The problems 
this involves for the academic institution are considered, par 
ticularly recruiting part-time lecturers from industry and according 
them some official status within the academic institution. The 
conclusions are illustrated by reference to a course with which 
the authors are concerned. 


To be read on the 2nd March 1961 


An investigation of the usefulness of back-scatter sounding in th 
operation of h.f. broadcasting services Paper 3506£, Part B 


E. D. R. SHEARMAN, B.SC. 


IN h.f. broadcasting, frequencies and aerials are chosen to give the 
optimum signal strength to listeners within the desired service area. 
The varying nature of the ionospheric transmission medium makes 
it desirable to measure the distribution of energy actually achieved 
over that area. 

In the experiments described, pulse-echo measurements of the 
back-scattered energy from ground irregularities in the service area 
were made, the echoes being observed on a range/amplitude display. 
In tests with two aerial systems, the echo patterns agreed well with 
those calculated for the two aerial systems from parabolic-layer 
theory and the radar equation. 

Further tests at night in varying ionospheric conditions showed 
that the propagation modes to 5000km range were co ! 
evaluated by back-scatter sounding at times when ionospheric 
predictions, corrected by local vertical-incidence soundings, gave 
erroneous results. 


To be read on the 6th March 1961 


A dynamic model for studying the behaviour of the overhead equip 
ment used in electric railway traction Paper 3530U, Part A 


D. S. FARR, H. C. HALL, M.SC., and A. L. WILLIAMS, PH.D., M.SC. 


IN electric traction systems in which power is supplied from an 
overhead contact wire via a pantograph, the mechanical design of 


JOURNAL I.E.E. 











12+ Sem. 
P length 


hich are 
accurate 
-d which 
is made 
calibra. 
librated 


ence on 


tudy by 
ch and 
raining. 
ould be 
ld with 
titution 
‘itution. 
ull-time 
re con 
al, are 
dustrial 
roblems 
d, par 


n. The 
| which 


in the 
| in 


sive the 
~e area. 
| makes 
chieved 


of the 
ce area 
lisplay. 
21] with 
ic-layer 
showed 
rectly 
spheric 
S, gave 


om an 
sign of 


.E.E. 





the contact wire and its supporting equipment is clearly of impor- 
tance in relation to the problem of current collection at high speed. 
Because of the great difficulty of making accurate measurements on 
the full-size system and the difficulty of making experimental 
modifications to it, a dynamically-equivalent laboratory-scale 
model was designed and constructed. 

The limited information which was obtainable from the full-size 
system was used to verify the performance of the model, which 
can now be employed for a systematic study of the effect of design 
variables. 

To be read on the 16th March 1961 


Progress report on the development of a photoelectric beam-index 
colour-television tube and system Paper 34688, Part B 


R. GRAHAM, M.ENG., J. W. H. JUSTICE and J. K. OXENHAM, M.A. 


THis report, on the development of an index colour-television 
display using photoelectric indexing, outlines some of the basic 
problems associated with index systems. The effect of cross- 
modulation between the writing and index signals is examined, and 
a method of overcoming this cross-modulation is suggested. The 
effect of the delay around the index loop and its relationship with 
the horizontal time-base linearity are discussed, and a preferred 
circuit arrangement which relaxes the tolerances on this linearity 
is explained. 

Some comparisons are made between index and other colour- 
television displays, and details are given of the practical verification 
of the system described. The present system may lead to a simplifica- 
tion of the colour display tube. 


To be read on the Ist May 1961 


MONOGRAPHS 


Topological synthesis of non-reciprocal resistance networks 
Monograph 4288 

R. ONODERA 

THE author deals with networks specified by the so-called driving- 
conductance matrix. Synthesis of non-reciprocal networks has 
already been treated by H. J. Carlin and Y. Oono, and their net- 
works are specified by scattering matrices and consequently n-port 
impedance matrices. Onodera determines the connection and 
ideal transformers. 

The factors which establish the network are the connection and 
element resistances, which therefore make possible the determina- 
tion of the node-branch incidence matrix and resistances so that 
the driving-conductance matrix may equal the given matrix. If the 
branch-e.m.f. matrix is V and the branch-current matrix is /, 
I=GV, where G is the driving-conductance matrix, which is 
assumed to be given, and in general G’ + G. 

If a maximal set of solutions for Gx = O and x’G = O is denoted 
by X as the matrix expression, X is called the zero factor of G. 
Provided that the zero factor X satisfies the character of a node- 
branch incidence matrix, the connection can be fixed directly. If 
not, the connection is determined by the part of X which satisfies 
the character of a node-branch incidence matrix, and the ideal 
transformers needed are determined by the other part. After the 
connection and ideal transformers have been determined, the 
branch resistances are established by comparing the given matrix 
with the matrix calculated from the newly determined connection 
and the unknown branch resistances. 


The impulse response of a number of identical circuits in cascade 
Monograph 429§ 

K. THARMALINGAM, B.A., B.SC. 

APPROXIMATE analytical expressions are derived for the impulse 
response of identical circuits in cascade. The results obtained from 
these approximate expressions, tested for an exactly solvable case, 
show remarkable accuracy. Cruder approximations to obtain a 
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quick estimate of peak-to-peak ring in response to a step function, 
and the first zero of impulse response, are also given. 


Microwave propagation through round waveguide partially filled with 
ferrite Monograph 430E 


A. J. BADEN FULLER, M.A. 


THE theory of microwave propagation through an unbounded 
ferrite medium magnetized along the direction of microwave 
propagation is considered, and expressions are derived for the 
components of the microwave field. Boundary conditions are 
applied, and characteristic equations are derived for four circularly 
symmetric shapes, namely: 


(i) Ferrite-filled round waveguide 

(ii) Ferrite rod at the centre of round waveguide 
(iii) Ferrite tube adjacent to the wall of round waveguide 
(iv) Ferrite tube in the centre of round waveguide. 


Some propagation coefficients have been computed for the last 
three shapes. The method is such that it may easily be extended to 
give the characteristic equations for any circularly symmetric shape 
of ferrite inside round waveguide, in addition to the characteristic 
equations given by the author. At 9370 Mc/s, some computed results 
of Faraday rotation have shown reasonable agreement with those 
measured on ferrite rods. The results of a specimen investigation of 
the variation of the propagation coefficient with change of ferrite 
dimension are included. 


Microwave Hall effect and the accompanying rotation of the plane of 
polarization Monograph 431£ 
PROF. H. E. M. BARLOW, B.SC.(ENG.), PH.D. 


FARADAY rotation of the plane of polarization of an electromagnetic 
wave, propagated through a medium in the direction of an indepen- 
dently-applied steady magnetic field, has been interpreted in terms 
of gyromagnetic action and, in certain circumstances, as a conse- 
quence of Hall effect. 

The author calls particular attention to the Hall-effect mechanism, 
which is shown to lead to different propagation coefficients for the 
right-handed and left-handed circularly-polarized components of a 
plane wave. 

The contention is advanced that a Hall effect can be expected to 
arise from a displacement current in the material medium and that, 
as a consequence, the Faraday-rotation effect in dielectrics and 
semiconductors may, in some cases, be significantly modified at 
frequencies above the microwave part of the spectrum. Some 
elementary calculations are given in support of this argument. 


A method of calculating the transfer functions of ladder networks 
Monograph 432M 
N. REAM, B.A. 


FROM the Kirchhoff equations applied to a ladder network, recur- 
rence equations are derived for calculating the voltages and currents 
in terms of the output voltage and current; from these, another set 
of equations is obtained for working from the input end of the 
network. Either set of equations is particularly suitable for the 
numerical calculation of transfer functions. A few general formulae 
are included for the voltage-transfer ratio of an RC ladder network. 


The part played by surface waves in the reflection at a ferrite 
boundary Monograph 433E 
L. LEWIN 


THE solution given in a previous paper for the reflection at a ferrite 
boundary in a rectangular waveguide is invalid in a certain region 
because it implies a finite power flux into the waveguide walls. This 
flux can be taken care of by means of Bresler’s surface waves, which 
can propagate in the anomalous region and which were postulated 
in order to resolve a thermodynamic paradox. Their reality when 
the ferrite is lossy, however, requires further elucidation. 
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SOME RECENT BOOKS 





THE AUTODYNE—A NEW ELECTRICAL MACHINE 


O. BENEDIKT 

PERGAMON PRESS. 1960. 193 PP. £2 5S. 

THE autodyne is an ingenious development of the rotary 
convertor, with a wide application to the spheres of work 
where motor-generators, metadynes, amplidynes, etc. are 
commonly used. A rotary convertor, connected to the a.c. 
supply and rotating at synchronous speed but with the d.c. 
field excitation reduced to zero, may exhibit across its brushes 
any value of direct voltage between the positive and negative 
peak values of mains voltage, depending on the angular 
position relative to the brush axis of the stationary magnetic 
flux set up by the a.c. magnetizing currents. 

A very small d.c. excitation is sufficient to rotate the flux 
vector to yield the positive or negative maximum voltage, 
depending on the sense of the excitation. In the autodyne this 
small d.c. excitation is the difference between two quantities, 
one a control quantity and the other a feedback quantity 
dependent on the direct voltage or load current, or both. This 
‘difference’ excitation acts to hold the flux vector at the steady 
angular position relative to the brush axis appropriate to the 
required output voltage or current. 

Metadyne, amplidyne, and many other characteristics can 
be simulated by suitable excitation of the direct- and cross- 
axes, and, by the use of auxiliary brushes on the cross-axis, it 
is possible to cause leading current to be drawn from the 
mains. Commutation would appear at first sight to be 
a major difficulty, but there is a chapter devoted to this 
problem, which has apparently been solved. 

This work is unusual in that it is more akin to a scientific 
paper than a textbook. It introduces, develops and describes 
applications of a new machine which has apparently not been 
the subject of earlier treatment in scientific journals. Its 
appeal is mainly to postgraduate students, teachers, and 
industrial personnel specifically interested in developing this 
new type of machine. F. C. WILLIAMS 


DICTIONARY OF AUTOMATIC CONTROL 


R. J. BIBBERO 


NEW YORK: REINHOLD. 
282 Pp. £2 5s. 

THIS volume compresses into 282 pages definitions of the 
terms commonly used in automatic control. Although the 
title does not suggest this, it also covers the terminology of 
digital computers. Engineers who need to study either subject 
will find this dictionary useful if their normal work only 
fringes on automatic control or computers. 

Reference libraries need a book of this type, and technical 
librarians themselves may find it useful. Cross-referencing is 
thorough, and the main criticism of the dictionary is its lack 
of explanatory diagrams and references for further informa- 
tion. A. ASBURY 


LONDON: CHAPMAN AND HALL. 1960. 
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TRAVELLING-WAVE ENGINEERING 
R. K. MOORE 
1960. 
THIS publication does not embrace as wide a field as its title 
might suggest. Only travelling waves associated with passive 
systems are considered, and the manner of presentation is 
directed at the student. Nevertheless, an honest attempt has 
been made to make transmission-line theory plausible to qa 
reader who has no prior knowledge of the subject. 

The early sections are devoted to the establishment of the 
telegraphist’s equations. These equations are then compared 
with similar wave-equations associated with vibrating strings, 
acoustics, thermal conductivity, etc., and analogies are 
demonstrated. It is interesting, however, to note the bias in 
the mathematical presentation. The more sophisticated 
analysis seems to be taken for granted, whilst elementary 
algebra is developed at great length. 

Transient waves are presented in an admirable manner; 
and there are good examples illustrating the practical applica- 
tion of the wave ideas formulated. Perhaps the best chapter 
is the one entitled “Transmission lines for communication and 
power’. Particular emphasis is given to the order of magnitude 
of various parameters, and the presentation should give a 
sense of perspective to the student. 

As the preceding sections have considered one-dimensional 
waves only, the final chapter seems strangely out of place. 
A sudden jump to three-dimensional consideration of 
Maxwell’s equations might only confuse the student and 
would best be left to its conventional place in a course on 
electromagnetic theory. G. W. BUCKLEY 


McGRAW-HILL. 360 PP. £4 5S. 6D. 


MATHEMATICAL METHODS FOR DIGITAL 
COMPUTERS 


A. RALSTON and H. S. WILF (Editors) 


NEW YORK AND LONDON: JOHN WILEY. 1960. 


Es 7765. 


293 PP. 


THIS is one of the best collections of ‘numerical recipes’ that 
have yet appeared. It is written by a group of specialist 
authors, each dealing with his chosen topics in a uniform 
way: statement of the problem, discussion of available 
solution procedures, recommendation of the most advanta- 
geous procedure, schematic of computer programme, and 
finally an estimate of the storage requirements and running 
time. 

The subjects covered in the first two sections are: generation 
of elementary functions; matrix inversion by direct, iterative 
and Monte Carlo methods; solution of linear equations by 
the Gauss-Seidel and conjugate-gradient methods; and 
determination of characteristic roots and vectors. The treat- 
ment is everywhere clear, but it is surprising that the conjugate- 
gradient and Jacobi methods for solving linear equations and 
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for finding eigenvectors respectively are accorded so much 
space, since the former is not generally regarded as anything 
other than an attractive mathematical abstraction at present, 
while the latter has been superseded by such methods as 
Householder’s technique. 

Two chapters on ordinary and partial differential equations 
follow; the treatment is conventional but notable for the 
careful consideration given to error growth and numerical 
stability. 

The work ends with a section on statistical calculations 
and a set of miscellanea which treats such topics as numer- 
ical solution of polynomial equations, numerical integra- 
tion, Fourier analysis, linear programming, and network 
analysis. 

Engineers will find suggestions for solving almost all their 
problems in this book. Its terse style is no disadvantage to the 
engineer, as distinct from the mathematical student, and it 
can be thoroughly recommended. A. D. BOOTH 


THE USES OF ELECTRICITY IN THE OIL 
INDUSTRY 


E. A. REEVES (Editor) 
1960. 


THIS is a symposium of contributions by 22 well known 
experts in their particular fields and contains an introduction 
by F. N. Beaumont, who, as manager of engineering develop- 
ment in British Petroleum and chairman of the Institute of 
Petroleum Electrical Committee and the Oil Companies 
Materials Association Electrical Committee, is in a unique 
position to review modern practice. 

The chapters are based on a series of articles originally 
published in the Electrical Journal, and the volume resembles 
a number of useful surveys of modern practice in various 
fields of electrical engineering which have appeared in the 
last few years. 

The scope lies between that of an integrating paper and 
the periodic reviews of progress which appear in the Proceed- 
ings of The Institution. 

The work contains a great deal of useful information, 
covering oil-fields, undersea oil-drilling, and oil-tankers, as 
well as refineries, distribution depots and marketing installa- 
tions. The various. specialist authors describe the whole range 
of electrical apparatus, including welcome contributions on 
the heating of pipelines in refineries, cables, overhead lines 
and cathodic protection. 

As may be expected, the fire and explosion hazard receives 
marked attention, particularly in the section on electric safety 
codes and the survey of flameproof certification by Dr. 
Whitney of the Electrical Research Association. There is also 
achapter on earthing and bonding practice, which is chiefly 
devoted to risks arising from static electricity. 

The last part is of particular interest as it refers to differences 
between safety standards and design of English and foreign 
¢quipment, as well as the requirements of foreign markets. 

The standard of printing and production is high, and the 
book can be thoroughly recommended. S. J. EMERSON 


ERNEST BENN. 296 PP. £2 IOS. 
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HIGH FREQUENCY APPLICATIONS OF FERRITES 
J. ROBERTS 


1960. I166PP. I6s. 


THIs is an excellent work for engineers and applied physicists, 
particularly those approaching the subject for the first time. 
The treatment nicely combines basic theoretical considera- 
tions with practical developments. Although studies in this 
field are comparatively new, there is already an extensive 
literature; and the author is to be congratulated, first, on 
having extracted so effectively the ideas which are vital to a 
proper understanding of these electrically complicated media, 
secondly, on his choice of applications and, finally, on the 
lucidity with which he has presented his material. 

The text opens with a discussion of the physical properties 
of ferrites and their adaptation to inductor cores. A most 
illuminating survey of behaviour in microwave fields follows, 
with a description of the methods employed in utilizing the 
non-reciprocal transmission characteristics. Other applica- 
tions are then examined, with particular emphasis on magnetic 
properties and the control of these properties by specialized 
processing of the various materials. 

Within the compass of such a small volume, the author has 
achieved remarkable success, and the book forms a very 
worthy addition to the Electrical Engineering Series edited 
by Prof. A. Porter. At the same time the exceptionally low 
cost is seldom matched. H. E. M. BARLOW 


ENGLISH UNIVERSITIES PRESS. 


HI-FI AMPLIFIER CIRCUITS 
E. RODENHUIS 


PHILIPS TECHNICAL LIBRARY. 1960. 
THIS small volume in the Philips ‘Popular’ series is primarily 
intended for the domestic high-fidelity enthusiast who builds 
his own equipment. 

It provides detailed circuit diagrams of three pre-amplifiers, 
a four-channel mixer, and five power amplifiers ranging from 
a 3watt single-ended unit to a 20watt ultra-linear amplifier 
using two EL34s. Winding details of the output transformer 
for the 20watt model are included: a wise precaution, for 
any special merit possessed by an amplifier is largely due to 
the design of its output transformer. 

In addition to the descriptive material, there is an intro- 
ductory chapter dealing with the general problems that arise 
in designing amplifiers. This is a neat distillation of all the 
information available on amplifier design, written at just the 
right technical level for the knowledgeable amateur. 

Page 13 (the author’s unlucky number?) is devoted to a 
quite unfounded justification for extending the frequency 
range of an audio amplifier to 60kc/s; but, apart from this, 
there are few errors and only an occasional indication 
(Uitang, p. 102) that the book has been translated from the 
Dutch. The printing and diagram work are excellent. 

The book will have considerable appeal to the hi-fi enthu- 
siast, and may be of value to the professional engineer whose 
friends expect him to act as a guide in their amateur activities. 

J. MOIR 
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BAUELEMENTE DER ELEKTRONIK 
K. H. RUMPF 


BERLIN: VEB VERLAG TECHNIK. 1960. 
THIS deals with passive and active elements used in modern 
electronic equipment, with emphasis on industrial and 
switching applications rather than on telecommunication. It 
should be particularly useful to non-specialist engineers in 
need of electronic tools. The mathematical level is elementary, 
not going beyond exponential functions. The numerous 
diagrams and circuits are clear and well drawn. The tables of 
dimensions and characteristics refer to German standards 
throughout. 

The text is divided into six chapters, and the relative 
importance assigned to groups of components is best seen 
from the number of pages devoted to each: thus, resistors 
and capacitors have 26pp.; non-linear resistors (diodes, 
Varistors, thermistors, negative resistors), 88; thermionic 
valves, 31; gas-discharge valves, 52; transistors, 50; and 
magnetic devices, 18 pp. 

No less than 37 pp. are given to Varistors (voltage-dependent 
resistors) in what is probably the most extensive treatment of 
this new and versatile component, illustrated by many graphs 
and nomograms. Gas-filled devices covered include photo- 
cells, stabilizers, Dekatrons, thyratrons and cold-cathode 
valves. Their application to switching, gating and counting 
circuits is described in detail. 

An international bibliography is provided, grouped for 
each section, at the end of the work, Soviet sources being 
printed in Russian. As the references are not quoted in the 
text, their usefulness is somewhat reduced. A comprehensive 
index is appended. A. LANDMAN 


292 PP. DM20 


WORLD RAILWAYS 1960 
H. SAMPSON (Editor) 


SAMPSON LOW’S ‘WORLD RAILWAYS’. 
412 PP. £5 5s. 

WITH its foolscap-size pages and high-grade printing on art 
paper, this immense compilation gives well presented outline 
particulars of more than 1500 railways the world over. 

Following a foreword, reviewing trends in railway progress, 
comes ‘Tabulated data on the railways of the world’, one line 
to each railway. This means that the fascinating Forschbahn 
in Switzerland (a 10-mile metre-gauge line recently out- 
standingly modernized) and the Soviet railway system 
(73000 miles of 5ft gauge and 3000 miles of narrow gauges) 
each has its one entry! 

Next, ‘Amplified details of major railways’ includes maps 
and makes special mention of recent developments, such as 
electrification. There seems peculiar unevenness here: struc- 
ture and loading gauges are given for most countries, 
including the Soviet Union, but not for Britain. Again, the 
Swiss map (which possibly should be entitled ‘Standard-gauge 
Swiss railways’ ?) includes the 41-mile Bodensee-Toggenburg 
Bahn, but omits the 245-mile Rhatische Bahn, among its 
‘private lines’. These amplified details include a good selection 
of illustrations of the latest (but not, therefore, of typical) 
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locomotives and stock, followed, country by country, by a 
illustrated directory of railway-equipment manufacturers, 

A short section on underground railways, with valuable 
maps, is informative; the Englishman who is concerned a 
happenings in Sheffield and Leeds notes that in Bostg 
(p. 376) ‘streetcar lines are halfway between tramways and 
underground railways’. Finally, there is a descriptive sectigg 
on Diesel engines. 

The volume might well be on the shelves of the traction 
student, broadly to supplement his textbooks; and, eve 
more, as a ready reference which cannot be bettered, on the 
shelves of the engineer whose work impinges on any aspect 
of railways. B. JOHN PRIGMORE 


SELECTED SEMICONDUCTOR CIRCUITS 
HANDBOOK 


S. SCHWARTZ (Editor) 


NEW YORK: JOHN WILEY. 
1960. 503 PP. £4 I6s. 
THIS book claims, and here I quote the editor, ‘to make 
available to the semiconductor circuit engineer a larg 
selection of well designed and reliable contemporary circuitry 
as well as a comprehensive design-philosophy text’. 

It covers the field in ten sections dealing with direct-coupled 
amplifiers, low-frequency amplifiers, high-frequency ampli 
fiers, oscillators, switching circuits, logic circuits, a.c—d, 
power supplies, power convertors, small-signal non-linear 
circuits (modulators, mixers, etc.), and magnetic and tran- 
sistor circuits (transistors and magnetic switching elements), 
Each section contains a discussion of general design philosophy 
written by a notable American author, followed by a collection 
of practical circuits, each with full details of components and 
performance. 

Nearly all the circuits given are of American origin and are 
designed around American transistors, which does limit the 
use of the publication in this country, but one would expect 
most of the circuits to work with the nearest British equivalent 
transistors. The circuits are provided by well known com- 
panies or establishments and would, presumably, live up to 
the editor’s claim. 

This should be a valuable reference if used in conjunction 
with the information being made available in Britain. 

E. WOLFENDALE 


LONDON: CHAPMAN AND HALL, 


THE PHYSICS OF ELECTRICITY AND 


MAGNETISM 

W. T. SCOTT 

NEW YORK: JOHN WILEY. LONDON: CHAPMAN AND HALL 
1959. 635 PP. £3 IOS. 


THE author wrote this because he was dissatisfied with 
available works in the field traditionally called ‘electricity 
and magnetism’. He has aimed to present a good balance 
between theory and experiment, to make early use of vector 
methods, to be up to date in presentation and content, and 
to have a ‘rock-bottom minimum of “it can be shown” 
statements’. 
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The treatment is, in fact, based on what would normally 
be termed electromagnetics, proceeding from electric-field 
concepts through conduction and magnetic-field concepts to 
electromagnetic radiation, taking in semiconductors and 
electrochemical and electrothermal effects (and other phe- 
nomena related to energy levels) on the way. It does not 
markedly differ from a dozen American volumes—and one 
or two British ones—on much the same theme, and there is 
hardly enough physics in it to justify the title. 

In particular, considerable space is devoted to the circuit 
with direct and alternating currents, a technological matter 
with very little physical content. The author’s view here is 
hardly that of the engineer: ‘It is quite clear that a.c. circuit 
calculations are complicated and lengthy. Although engi- 
neering texts give a number of rules for assistance in computa- 
tion, the only one of use in a physics text is this: in nearly 
every case, reflection and ingenuity will produce a shorter or 
easier method of calculation than that which may appear 
suitable at first glance’. An engineer is likely to find the 
sentiment admirable, but the advice impractical. 

The author is Professor of Physics at Smith College, whose 
senior girls are thanked in the preface for their scrutiny of 
the manuscript. The book was written for them and not for 
the engineer, who in this field would probably choose a 
publication with more of an engineering slant than this 
could reasonably be expected to have. M. G. SAY 


MEDICAL ELECTRONICS 
C. N. SMYTH (Editor) 


ILIFFE. 1960. 614 PP. £7 5s. 


THE Second International Conference on Medical Electronics 
in Paris in 1959 embraced the whole field of medical elec- 
tronics, and some 160 papers were submitted on a wide 
range of topics. In this volume, 150 of these papers are 
reproduced either in full or in abstract form. They are 
grouped under subject headings and presented in a way which 
makes for easy reading and reference. The principal topics 








ped i ae . segtons: 


View of a small test receiver for the direct reading of pH values 


The patient is just about to swallow the ‘radio capsule’. She has put 
on the small loop aerial next to the stomach 
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covered are electrophysiological techniques, electroencephal- 
ography, cardiology, manometry and flow measurements, 
acoustic techniques, automation in medicine, radiology and 
isotopes, and chemical instrumentation. 

While a symposium of this kind necessarily suffers from the 
disadvantage that any one branch of the subject receives 
only minority consideration (for example, radiology and 
isotopes have allotted to them only eight full papers and 
eight abstracts), it has the merit of bringing together different 
aspects of this sphere of electronics, and stimulating advances 
in one or more of them. As an up-to-date, accurate, and well 
presented scientific work, the book is to be very warmly 
commended. It makes interesting reading as well as serving 
as a source of reference, and is likely to meet a need of all 
workers in this new and growing area of science. 

F. T. FARMER 


THE SAVOY—MANOR: HOSPITAL: CHAPEL 
R. SOMERVILLE 


LONDON: CHANCELLOR AND COUNCIL OF THE DUCHY OF LAN- 
CASTER. 1960. 278 PP. 35S. 


THIS is a splendid book. It can be confidently recommended 
to all members, and particularly to those who may feel a 
vicarious pride that, through her Dukedom of Lancaster, Her 
Majesty is our landlord at Savoy Place—itself part of the 
‘fairest manor in England’ which got its name ‘The Savoy’ 
from that Peter of Savoy who was the uncle of Eleanor, wife 
of Henry III of England, to whom he made the grant of land 
in 1246. 

The history of the Savoy and that of the great House of 
Plantagenet are closely interlinked; John of Gaunt main- 
tained high estate here, until his palace was sacked in the 
popular rebellion of 1381; it is perhaps significant that, on 
rebuilding, he restored it as a prison and not as a residence. 
A hundred years later, Henry VII bequeathed 10000 marks 
to build a hospital at the Savoy, but the revenues were soon 
diverted and, with its decay, the surroundings became ‘a 
nursery of rogues and masterless men’. How times have 
changed! 

The book is clearly and attractively written and is evidently 
a labour of love. It covers the whole gamut from the 13th 
century to virtually the present day, and is supported by 
helpful and definitive notes. 

It was pleasant to the reviewer, whose electrical engineering 
has been mainly on the light-current side, to find references 
not only to The Institution but also to the British Broad- 
casting Company’s tenancy of our building in the twenties 
and early thirties of the present century. F. JERVIS SMITH 


BIOLOGICAL AND MEDICAL ELECTRONICS 
R. W. STACY 
McGRAW-HILL. 1960. £3 14s. 

IN this work, the emphasis is on electronics. It is the textbook 
for a ten-week, one-day-per-week course given at the Ohio 
State University, Biophysics Division. There are excellent 
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introductory chapters on instrumentation as a_ science, 
dealing with the principles of measurement, after which the 
book gets down to simple descriptive fundamentals of 
electrical engineering and stays there. 

The text contains very few biological examples, and the 
reader who wants to connect his apparatus to his physiological 
experiment will look in vain for details of electrodes or the 
ways in which an electrometer can be used to measure pH, 
pCO, or oxygen tension. ; 

On the other hand, the physiologist who can read the 
volume with his feet on the mantelpiece, or attend the course 
and benefit further from the laboratory work (which should 
go with the condensed but systematic development of the 
subject), will gain a clear insight into the basis of his apparatus. 
He will have a mnemonic to prevent his ever forgetting 
Ohm’s law, even should he never attain Jeans’s dynamical 
proof of it. He will know what is in a photocell, an electron 
multiplier and an oscilloscope, and how electronic circuits— 
valve or transistor—can be used to amplify, generate pulses, 
and perform the third of the three R’s with integration and 
differentiation added. Those who reach the last chapter can 
learn the basis of analogue and digital computation. 


C. N. SMYTH 
A BACKROOM BOY 

A. STANLEY 

BELFAST: W. ERSKINE MAYNE. 1960. 109 PP. 10S. 6D. 


THISs little text, written under a nom de plume by the late E. C. S. 
Megaw’s father, is a most interesting study of the work of 
Dr. Megaw, covering his college days, his time at the G.E.C. 
Research Laboratories, and his period in the Royal Naval 
Scientific Service. 

All his friends will be glad to own this book, and many 
who never knew him, or who only knew him as the Chairman 
of a Section of The Institution, will be interested in the 
personal details which are given. One of his traits is well 
brought out: he was essentially a poet, who worked in 
science only because he found there the beauty and simplicity 
which others admire in different spheres. 

As the author says, it was a great pity that Megaw was cut 
off at the age of 48. If he had lived, he might have done a 


great deal to bring science and the humanities together. He ~ 


would never have been a great industrial leader, nor would 
he have risen to one of the highest positions in the Civil 
Service, for he lacked the ruthlessness that is necessary for 
these tasks. 

This splendid volume should be bought by all Megaw’s 
many friends. J. THOMSON 


WAVE GENERATION AND SHAPING 
L. STRAUSS 
McGRAW-HILL. 1960. £4 17S. 

THIS book, the fourth volume of the series by members of the 
staff of the Brooklyn Polytechnic Institute, covers the same 
field as Britton Chance’s well known ‘Waveforms’. However, 
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it differs from the earlier work in being, if one may Say $0, 
fully transistorized. 

The analysis is based on the use of the piece-wise linea 
model throughcut, and no knowledge of Laplace transforms 
is assumed. The text is divided into five parts dealing with 
models of diodes, triodes, pentodes and transistors; timing 
techniques; switching techniques; memory devices; and 
oscillators. 

Circuits are therefore discussed on a functional basis, 
instead of being classified according to the particular active 
device used. This seems highly desirable in view of the wide 
range of devices now available, such as memory elements, 
Magnetic and dielectric storage devices are examined ijn 
detail, but the gas tube, which is still a rather useful store, ig 
ignored. The author has also found room for 30 pages on 
the non-linear theory of oscillators. Here again, he anticipates 
the future rather than looks back at the past. 

Each chapter includes a selection of references, and it is to 
these that my sole major criticism applies. Almost no reference 
is made to publications outside the United States. A biblio- 
graphy prepared on these lines is no doubt capable of 
amplifying the text, but it is useless as a starting-point fora 
literature search and, in this field, important papers are to be 
found in the European literature. 

The volume can be unreservedly recommended as a state- 
ment of the operation principles of the circuits treated, ata 
level commensurate with that of available active devices. 


A. H. W. BECK 
THYRATRONS 
C. M. SWENNE 
PHILIPS TECHNICAL LIBRARY. 1960. 73 PP. ISS. 


IN this work, the author introduces one part of the field of 
industrial electronics, the application of thyratrons. It is 
written primarily for the engineer who does not want a 
detailed physical and mathematical treatment. The title is a 
little misleading in that the subject-matter is limited to 
negative-control thyratrons operating at below 5kV; discus- 
sion of pulse-modulator thyratrons is entirely omitted. 
Perhaps the title ‘Thyratrons in industry’ would have been 
more appropriate. 

Within this framework, however, the author has described 
the physical principles, electrical characteristics, basic circuits 
and some of the applications of negative-control thyratrons. 
This he has done in a simple, interesting manner which will 
appeal to engineers and advanced students. Technical data 
on valves and circuit components are given, but these are 
perhaps naturally limited to Philips products. 

A few points require comment. In the introduction, it is 
stated that the thyratron can interrupt an electric current; 
this it assuredly will not do, except at currents so small as to 
be of no interest in practice. On p. 3, line 14, 1000°-1500°C 
is far too high for oxide-coated cathodes; 700°-900° C is more 
normal. On p. 30, Fig. 25, the components R,; and C should 
be variable. 

The volume is attractively produced, and the practising 
engineer will find it a useful addition to his bookshelf. 

B. O. BAKER 


JOURNAL I.E.E. 
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QUANTUM ELECTRONICS 
Cc. H. TOWNES (Editor) 


NEW YORK: COLUMBIA UNIVERSITY PRESS. 
UNIVERSITY PRESS. 606 PP. £6 


quis is an edited collection of the papers and discussions of 
what surely must be the most important conference yet held 
on masers and closely-related resonance phenomena. Since 
the announcement of the first successful maser by Prof. 
Townes and his colleagues in 1954, physicists and engineers 
in laboratories all over the world have seen in this principle 
of stimulated emission of radiation a means for exploring the 
micron region, that region of the electromagnetic spectrum 
lying between wavelengths of Iu and 1mm (1000,.). 

This work discusses the present problems and the future 
development of this science in a most impressive and powerful 
manner. The possible mechanisms of relaxation, so far as 
they are understood at present, are thoroughly examined on 
the basis of experimental results and hypotheses. One feels 
that here is the key to the door of sensational progress. 

The possibilities of extending the production of coherent 
radiation from the microwave region to the optical and 
infra-red regions are reviewed. That the conclusions reached 
are not over-optimistic or fanciful has already been shown 
by Dr. Maiman of Hughes Aircraft, who has recently pro- 
duced many watts of coherent red light from a ruby crystal. 
In neighbouring fields, atomic and molecular frequency 
standards are surveyed. The discovery of a new parameter, 
causing frequency variation in a caesium-beam frequency 
standard, by workers at the National Research Council 
Laboratories of Canada will be of considerable importance 
to workers in this sphere. 

No laboratory already in, or contemplating entering, the 
field of quantum electronics should be without this volume; 
but those unfamiliar with the subject should first read some 
of the excellent review articles and books on masers which 
have appeared in the last few years. G. PHILLIPS 


LONDON: OXFORD 
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FUEL CELLS 
G. J. YOUNG (Editor) 


NEW YORK : REINHOLD. 1960. 
134 PP. £2 6s. 

IN recent years, there has been considerable interest in fuel 
cells in the United States, and this book contains the papers 
presented at a symposium organized by the Gas and Fuel 
Division of the American Chemical Society. 

The text opens with a general iniroduction on fuel-cell 
principles. Papers then follow on the low-pressure hydrogen— 
oxygen cell of the Union Carbide Corporation; the Bacon 
high-pressure hydrogen-oxygen celi, operating on pure 
hydrogen at 400Ib/in.?2 and 200°C; and the high-temperature 
cell, with an electrolyte of mixed alkali carbonates, operating 
® various carbonaceous gases at 550°-750°C. Finally, 
there is a short summary of the discussion. 

The contributions are by such well known pioneers in 
fuel-cell research as Kordesch, Bacon, Ketelaar, Chambers, 


LONDON: CHAPMAN AND HALL. 


FEBRUARY 1961 


and Gorin. As might be expected, the volume provides an 
authoritative and useful account of the various types of fuel 
cell—with the exception of the Redox cell, which receives a 
bare mention. 

The publishers’ advertisement on the jacket says ‘it will 
provide research directors and managers with the back- 
ground they require to make an intelligent appraisal of the 
value of fuel cells to their organizations’. This is asking 
rather a lot of the research directors and managers, especially 
as the concluding sentences of the work are ‘The prospects 
for the use of fuel cells in large central power stations are 
unknown at present. The answer to this question as well as 
many others must await further developments.’ 

J. S. FORREST 


ELECTRONIC CIRCUIT THEORY 
H. J. ZIMMERMANN and S. J. MASON 


NEW YORK: JOHN WILEY. 
1959. 564 PP. £4 6s. 

IN a field that already has an excessive number of textbooks, 
it is refreshing to find one whose approach is completely 
different. This volume is intended for use as a textbook at 
M.I.T., where recent revisions of the curriculum have indi- 
cated a radical change in teaching-philosophy: An honest 
endeavour has been made to devise courses which teach the 
student how to think rather than to make him absorb large 
tracts of modern technology. A keypoint in the underlying 
approach is concerned with enabling the student to relate 
theory to practice, a goal seldom achieved where these two 
aspects are taught separately. This volume is evidence of the 
seriousness with which this object is being sought after. 

Most valves are basically non-linear devices, and one of 
the authors’ aims is to show how equivalent-circuit models 
can be produced which represent the practical non-linear 
characteristics. These models are synthesized from five basic 
circuit-elements—resistance, capacitance, inductance, an ideal 
diode and a controlled source—and once the appropriate 
model is established, the circuit under consideration becomes 
amenable to theoretical treatment, even in large-signal 
conditions. 

Chapters deal with most thermionic and semiconductor 
valves in this light, covering the basic principles on which 
their operation depends and the classes of function which they 
perform (e.g. rectification, control, waveform generation, 
etc.). The reader will be impressed by the aptness of the 
examples chosen and by the emphasis which is laid on the 
importance of knowing the effect of each circuit-component 
on the shape of the waveform being handled. Furthermore, 
the section on oscillators covers simple phase-plane analysis, 
an essential basic method of assessment of large-signal 
behaviour which is seldom included in electronics texts. 

The work contains a large number of well set-out examples, 
and useful textbook bibliographies accompany each chapter. 
It can be thoroughly recommended to the thinking student; 
while its scope, and its original approach, should provide 
useful and interesting reading for the practising electronics 
engineer. G. D. SIMS 
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TECHNICAL PUBLICATIONS 





FURTHER information and copies of the publications can be obtained 
from the organizations concerned, except where otherwise stated in 
a footnote. 


AUSTRALIAN ATOMIC ENERGY COMMISSION 
Eighth annual report, 1959-60. N.S.W., Australia, 1960. n.p. 


THIS report contains nine parts, which deal with such subjects as 
the search for uranium, uranium mining, raw materials, research, 
isotopes, and nuclear power. Appendixes give financial accounts, 
research contracts, etc. 


BELMOS COMPANY LTD. 


A.C. motor control and distribution gear by R. T. Lythall. Bellshill, 
Lanarkshire, 1960. 15s. 


THIS book contains sections on standard methods of starting a.c. 
motors, some simple control circuits and sequence-interlocking 
schemes, protective gear, air-break industrial equipment, the 
problem of short-circuits related to busbars and apparatus on 
industrial group-motor-control boards, and air-break flameproof 
equipment. 


Simplified short-circuit calculations as related to 400-600volt 
group motor control and distribution switchboards by R. T. 
Lythall. Bellshill, Lanarkshire, 1960. Ss. 


SEVERAL examples are worked out, and a certain amount of theory 
is given. 


BRITISH ELECTRICAL AND ALLIED INDUSTRIES 
RESEARCH ASSOCIATION 


Report A/T153_ Effect of heat ageing on the electrical and mechani- 
cal properties of varnished Terylene fabric. 12s. 6d., postage 6d. 


THE electrical and mechanical properties of alkyd- and silicone- 
varnished Terylene fabrics were examined as received and after 
ageing in air at 120°, 155° and 180°C for periods of 7, 14 and 
28 days. The period of ageing for the tearing-strength test only was 
extended for successive periods of 112 and then 166 days. The 
tensile and tearing strengths, pH value and conductivity of aqueous 
extract, and developed acidity were determined on both unvarnished 
and varnished fabric. Electric-strength tests at 20° and 120°C and 
after immersion in distilled water at 25°C were made on varnished 
fabric. 

A comparison was made of the deterioration. in tensile strength 
with heat ageing of high- and medium-tenacity Terylene. 


Report D/T112 Intrinsically safe electrical apparatus: relation of 
igniting current to circuit inductance for a mixture of buta-1:3-diene 
with air by P. B. Smith and N. L. Heathcote. 4s. 6d., postage 6d. 
Report D/T113 Intrinsically safe electrical apparatus: relation of 
igniting current to circuit inductance for a mixture of carbon disulphide 
vapour with air by P. B. Smithand N. L. Heathcote. 6s., postage 6d. 


THE investigations were to determine the relative ease of ignition by 
break sparks of the various inflammable gases and vapours used in 
industry, in order to group them and to choose the representative 
gases and vapours for test purposes. 


Report D/T114 Flameproof enclosures: effect of internal pressure 
on the flange gap width at the time of ignition of an external mixture 
by T. J. A. Brown and N. Simpson. 15s., postage 8d. 

tests of the structural strength of the explosion vessels used in the 


determinations of maximum experimental and statistical safe gaps 
suggest that the safe gaps tabulated for some of the gases in 
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Group IV of B.S. 229 (flameproof enclosure of electrical apparatus) 
may be in error on the safe side. 


Report G/T312 Restriking voltage 33kV survey—East Cornwall 
network by J.S. Vosper. 10s. 6d., postage 6d. 


THIS report describes the first of a new series of investigations op 
the restriking-voltage characteristics of h.v. networks and gives the 
results obtained so far for a fairly simple self-contained 33ky 
network. Included in this investigation is an assessment of the 
effect of typical loading of the system. Previous reports (G/T239 
and 290) gave estimates of the probable limits of rate of rise of 
restriking voltage (r.r.r.v.) to be expected on 132kV and 66kV 
systems in the United Kingdom, and an indication, based on 
available preliminary data, of the probable r.r.r.v.,MVA charac 
teristics of the 275kV system. The techniques developed for the 
present purpose are described in considerable detail in this report, 
for future reference. 


Report L/T373 Oil-impregnated paper capacitors. Some factors 
affecting the discharge inception stress by J. H. Mason. 10s. 64, 
postage 6d. 

THE discharge-inception voltage in oil-impregnated paper capacitors 
may be seriously overestimated if tests are made using an insuff- 
ciently sensitive discharge detector, or if the applied voltage is 
increased too rapidly. Proof tests to eliminate capacitors with low 
discharge-inception values should be made at a voltage level 
determined by the sensitivity of the discharge detector. 


Report N/T86 The effect of temperatures of 650°C and 700°C oa 
the magnetization and properties of Alcomax magnets by A. G. Clegg 
and M. McCaig. 4s. 6d., postage 5d. 


IN the work now described, the effect of maintaining Alcomax Il 
magnets at 650° and 700°C for times varying from S5min to 21h 
was investigated. Although magnets exposed to these temperatures 
are not stable, they may still be used for holding and similar 
purposes, provided that some deterioration in performance can be 
tolerated. 


Report S/T97_ Line and neutral currents in multi-limb transformers 
under impulse-test conditions by E. L. White. 15s., postage 8d. 


TERMINAL currents in two-limb and three-limb transformers under 
impulse test are analysed with a view to selecting the most suitable 
current to record for fault detection and location. Proposed new 
recording circuits are shown by tests on a two-limb transformer to 
have high sensitivity to faults, though the location of faults from 
the line current remains unreliable. 


Report S/T106 Display-storage oscillography in impulse testing by 
E. L. White. 6s., postage 6d. 

THE display-storage cathode-ray tube can store and display informa- 
tion supplied to it, either as a picture or as an oscillogram. The 
brightness and duration of the display are largely independent of 
the time involved in storing the information. A brief explanation 
of the principle of the d.s.t. is given, illustrated by a diagram. 


Report Z/T122 High-speed cinematography of sustained power 
arcs by J.C. Needham. 10s. 6d., postage 6d. 

IN high-current electric arcs, whose temperatures can be well over 
10000° K, the self-luminosity is high, and very short exposure times 
are necessary. From the pictorial viewpoint, the main problem 
to accommodate the very wide contrast range between the arc and 
its surroundings. This can be done by selectively reducing the 
brilliance of the arc and/or providing auxiliary lighting, of the 
same order of intrinsic brilliance, to illuminate the surrounding 
parts of the apparatus. These points are discussed in the report. 


JOURNAL I.E.E. 
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BRITISH STANDARDS INSTITUTION 


BS. 137: {960 Porcelain and toughened glass insulators for over- 
head power lines (3-3kV and upwards). 15s. 

INSULATORS made of porcelain or toughened glass, and insulator 
pins for overhead power lines designed for system voltages of 
3-3kV and upwards are covered by this standard. 


B.S. 2960: Part 2: 1960. Dimensions of 3-phase electric motors. 
Part 2—Totally-enclosed fan-cooled motors. 7s. 6d. 


DIMENSIONS applicable to 3-phase 50c/s totally-enclosed fan-cooled 
motors, having ratings of 4-5Ohp, are given. This type of motor 
has previously been covered by B.S. 2083: 1956, which will remain 
in use for a transitional period while B.S. 2960: Part 2 becomes 
established. 


BS. 3283: 1960 Non-reversible connectors and appliance inlets for 
le electrical appliances (for circuits up to 250 volts and 
13 amperes). 6s. 
quis standard introduces a connector for portable electrical appli- 
ances, such as electric kettles, separate and distinct from the type 
of connector covered by B.S. 562. The connector is non-reversible, 
and the earthing contact is not exposed. The connector may be 
used with appliances incorporating a single-pole switch. 


B.S. 3287: 1960 Domestic electric clothes-washing machines. 6s. 


THIs new standard is concerned essentially with safety precautions. 
No attempt is made to specify performance. The publication applies 
to domestic electrically-operated clothes-washing machines, powered 
by fractional-horsepower motors, which are designed for use on 
single-phase a.c. or d.c. circuits in which the declared voltage 
between conductors does not exceed 250 volts. 


BS. 3288: Part 1: 1960. Insulator and conductor fittings for overhead 
power lines. Part 1—Performance and general requirements. Ss. 


PERFORMANCE and general requirements for insulator and conduc- 
tor fittings for use on overhead electric power lines are given. The 
standard applies to fittings made of any material. 


BS. 3297: 1960 High voltage post insulators. 10s. 


THis standard applies to porcelain and toughened-glass post 
insulators, primarily for use out of doors at working voltages of 
3-3kV and above, designed to provide rigid support for busbars, 
parts of isolators, parts of air-break switches, and other conductors 
in substations, and for similar applications. 


BULGARIAN ACADEMY OF SCIENCE 

Total energy balance in Bulgaria 1953, 1954, 1955. Bulgarian 
Academy of Science, Sofia, 1960. (in Bulgarian) n.p. 

THE sources of power for which statistics are given include water, 
coal, combustible liquids, combustible wood-pulp, and electricity 
generation. 


ELECTRICAL JOURNAL 


Electricity undertakings of the world 1960-61. 
Ltd., London, 1960. 35s. 6d., postage 2s. 

THE undertakings of the world are broken down into C.E.G.B. 
Area Boards; Scotland, Northern Ireland, and other United King- 
dom undertakings; British Commonwealth undertakings; and 
foreign undertakings. A personal, as well as general, index is given. 


Benn Brothers 


ELECTRICITY COUNCIL 

Utilisation research report no. 16. Comparative tests on heating 
school buildings by electric thermal-storage block-heaters and other 
methods. Electricity Council, London, 1960. gratis 

FOUR pairs of schools, in different parts of England, were instru- 
mented to secure factual data on the performance and economics 
of electric thermal-storage block-heaters in school premises. One 
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school of each pair was heated by a hot-water radiator system 
(either coke- or oil-fired) and the other by electric block-heaters. 
Tests show that both types of installations maintained similar 
temperatures, and that the total annual cost of electric heating is 
approximately equal to that of coke-fired hot-water heating and 
much less than that of oil-fired hot-water heating. 


FUEL CELLS RESEARCH ASSOCIATES 
Fuel cells. Power for the future. Cambridge, Mass., U.S.A. $18.75 


FUEL cells convert the chemical energy of a fuel, e.g. hydrogen or 
propane, directly into electrical energy at efficiencies of 50-85%. 
Excellent results are obtained with fuel cells using hydrogen and 
oxygen. This study indicates that fuel cells will find wide applica- 
tions in supplying power to fork-lift trucks, delivery vans, tug-boats, 
taxi-cabs and the like. Fuel cells may cause a trend towards small 
electric power stations. The report states, however, that before fuel 
cells are widely accepted in conventional power applications, the 
use of less-expensive fuels such as propane, ethane and air will have 
to be achieved. 


INTERNATIONAL ATOMIC ENERGY AGENCY 


Nuclear fusion.* Vol. 1, No.1. Vienna, September 1960. 
(English/French/Russian/Spanish) 

THIS new quarterly contains reports of original work and review 
articles concerning plasma physics and controlled-thermonuclear- 
fusion research. The annual subscription (four issues) is £3 10s.; 
single copies cost 21s. each. This first number contains articles on 
plasma oscillations, energy distributions of neutrons produced by a 
thermonuclear reaction, etc. 


LIGHT RAILWAY TRANSPORT LEAGUE 

The electric railway number of Cassier’s Magazine of August, 1899. 
Light Railway Transport League, London, 1960. £2 10s. 

THE development of electric tramways and railways up to 1899, all 
over the world, is given. 


MEDICAL RESEARCH COUNCIL 


The hazards to man of nuclear and allied radiations. A second 
report to the Medical Research Council. H.M.S.O., London, 
1960. 7s. 

AS far as hazards from civil uses of radiation are concerned, the 
report concludes that, while there is no cause for alarm at present, 
all radiation is potentially dangerous: the hazards from war would 
be several thousand times greater than those from peacetime uses, 
and genetic damage would be incurred by humans. 


NATIONAL BUREAU OF STANDARDS, 
U.S. DEPARTMENT OF COMMERCE 


BUREAU OF NAVAL WEAPONS, DEPARTMENT OF 

THE NAVY 

Supplement no. 3 Handbook preferred circuits navy aeronautical 
electrical equipment. Bureau of Naval Weapons, Department of 
the Navy, Washington, D.C., 1960. 55 centst 

THE handbook is designed for loose-leaf binding. This supplement 
contains new circuits, revisions of existing circuits, and notes to 
the preferred-circuits manual. 


NATIONAL INSTITUTE FOR RESEARCH IN 
NUCLEAR SCIENCE 

Third annual report for the period Ist April, 1959 to 31st March, 
1960. Rutherford High Energy Laboratory, Harwell, 1960. n.p. 
THE report gives details of changes in membership of the Institute, 
and the various committees and their membership. Assistance to 


* Obtainable from the Editor, Nuclear fusion, International Atomic Energy 
Agency, Vienna !, Austria 

+ Obtainable from the Superintendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C. 
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Technical publications (continued) 


universities in the design of their particle accelerators, previously 
given by the U.K.A.E.A., is now the responsibility of the Institute. 
Two particle accelerators are under construction at the Rutherford 
High Energy Laboratory, now owned by the Institute. The first 
accelerator, a S50MeV proton linear accelerator, was virtually 





le ee re ; 
Interior of Nimrod magnet room just before the installation of 
the first magnet sectors 


completed by the end of 1959 and ready for experiments; the 
second is Nimrod, a 7000 MeV proton synchrotron which is due for 
completion in 1962. 


NUFFIELD FOUNDATION 


Fifteenth report. Report for the year ended 31 March 1960. 
Nuffield Foundation, London, 1960. n.p. 


GRANTS and fellowships awarded during the year include two 
grants to Loughborough College of Technology as part of the 
programme of helping to raise the standards of technological 
education and encouraging closer collaboration between industry 
and the colleges of technology. The first grant—£13500 over five 
years—aims at the integration of the teaching staff of the college 
with industry; the second grant—£500 towards the cost of a study 
visit to the United States—will help the college to benefit from 
American experience. 

The Foundation has made £4000 available to the City of Oxford 
College of Technology for the purchase of books on engineering, 
physics and general science. An interest-free loan of up to £48 500, 
repayable by the 31st March 1965, has been made to enable the 
college to proceed with the second phase of its plan for providing 
hostel accommodation for full-time students attending advanced- 
level courses. 


ORGANISATION FOR EUROPEAN ECONOMIC 
CO-OPERATION 
EUROPEAN NUCLEAR ENERGY AGENCY 


Basic assumptions for nuclear power estimates in Europe. O.E.E.C., 
Paris, 1960. n.p. 


THIS publication is a revision of the data contained in a study 
published in 1958 and entitled ‘Estimates of nuclear energy pro- 
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duction in Europe’. Detailed basic data given include nucley 
power stations in operation, under construction, decided on 
under consideration; long-term forecasts (until 1975); capital cog 
for different types of nuclear power station; fuel-cycle costs; et. 
The study envisages that, towards 1975, the total installed nuclegr. 
power-station electrical capacity in O.E.E.C. countries will fk 
between 12000 and 25000 MW. This compares with a total electrica| 
capacity from nuclear power stations in operation, under cop. 
struction or irrevocably decided on of 4500 MW in July 1960, 


EUROPEAN PRODUCTIVITY AGENCY 


Integrated data processing and computers. 
10s. 6d. 


INTEGRATED data processing is defined as the development of the 
most streamlined and automatic flow of data that is practicable 
within an organization. The introduction of electronic computers 
for integrated data processing has offered possibilities of control, 
speed, accuracy and flexibility quite different from those of any 
previous equipment. This study is a report of a group of experts 
who visited the United States in 1960 and is written with the object 
of creating a greater awareness among management of the advan. 
tages of integration. 

The report shows that a hundredfold increase in speed of com 
puters has been achieved in the last 10 years, while the size of com. 
puters has been reduced through the use of such components as 
transistors. 


O.E.E.C., Paris, 1960, 


ROYAL INSTITUTION OF GREAT BRITAIN 


Michael Faraday. A list of his lectures and published writings, 
Chapman and Hall, London, 1960. £2 2s. 


THIS is a bibliography of Faraday’s lectures and writings, and 
places on record, in strict chronological order, all books and 
separate publications, including later editions and reprints; all 
articles, papers, etc. in journals and periodical publications, includ- 
ing letters to such publications and to The Times; all lectures, 
whether they subsequently appeared in-print or not; and all the 
manuscript lecture notes in the Faraday Collection at the Royal 
Institution. Personal letters and manuscript material, except the 
lecture notes mentioned above, are, in general, excluded from this 
bibliography. 





British Nuclear Energy Conference 


DETAILS of three forthcoming meetings of the British Nuclear Energy 
Conference are given below. Papers and discussions on the applications 
of nuclear energy and ancillary subjects are published in the quarterly 
Journal of the British Nuclear Energy Conference. The annual subscrip- 
tion payable by members of The Institution who wish to receive the 
quarterly regularly is 30s. post-free. Single copies are available at 
7s. 6d. each 

1961 

FEBRUARY 22 Wednesday (6 p.m.) 

Sponsoring society and place of meeting: Institution of Mechanical 
Engineers, 1 Birdcage Walk, London S.W.1 

Thomas Hawksley Lecture on PROSPECTS OF FUSION POWER 

Prof. P. M. S. Blackett 


FEBRUARY 28 Tuesday (5.30 p.m.) 

Sponsoring society: Joint Panel on Nuclear Marine Propulsion 

Place of meeting: Institute of Marine Engineers, Memorial Building, 
76 Mark Lane, London E.C.3 


SAFETY OF NUCLEAR MARINE PROPULSION PLANT J. M. Murray and 
H. N. Pemberton 


MARCH 21 Tuesday 


Sponsoring society: Institute of Metals 
Place of meeting: Church House, Westminster, London S.W.1 


Discussion On COMPATIBILITY PROBLEMS IN GAS-COOLED REACTORS 


JOURNAL I.E.E. 
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*Denotes that the publication is also in the Lending Library. The 
publications cannot be bought through The Institution; the pub- 
lishers and the prices are given only for the convenience of members 


LIBRARY ACCESSIONS 





BOOKS 


ADLER, R. B., and others 
Electromagnetic energy transmission and radiation* 


New York and London: John Wiley, 1960. pp. xvii, 621. 

23-5 x 15cm. £5 16s. 

This book is claimed to be a new teaching approach to the subject and 
is intended for senior students. It considers electromagnetic waves and 
oscillations in one, two and three space dimensions, using time-domain, 
complex-frequency-domain and energy points of view. It was reviewed 
in the January 1961 Journal, p. 41. 


538.56 


BENNETT, W. R. 621.396.8 


Electrical noise* 

New York and London: McGraw-Hill, 1960. pp. viii, 280. 

23-5 x 15-Scem. £3 17s. 6d. 

Deals with the experimental techniques of measuring noise by using 
tuned circuits and meters rather than a purely mathematical and 
statistical approach. The scope includes thermal noise and noise in 
vacuum tubes, semiconductors and solid-state devices. Methods of 
generating and measuring noise are discussed. This book will be 
reviewed in a future issue. 


BLANCHARD, C. H., and others 539 
Introduction to modern physics* 

London: Pitman, 1960. pp. xi, 420. “23-5 x 15-5cm. 37s. 6d. 
Gives a broad account of modern atomic physics. Although not 
intended as a textbook for students taking a British degree in physics, 
it includes problems at the end of each chapter. The M.K.S. system is 
used throughout. 


CARLIN, B. 534.321.9 


Ultrasonics. 2nd edition* 
New York and London: McGraw-Hill, 1960. pp. ix, 309. 
23x 15cm. £4 9s. 


Summarizes and collates previously published information and briefly 
describes practical applications. Discusses the use of crystals, continuous 
and pulsed systems, ultrasonic agitation and magnetostriction. 


CARR, L. H. A. 530.12 
Relativity for engineers and science teachers* 
London: Macdonald, 1960. pp. vi, 52. 19 x 13cm. 12s. 6d. 


Treats only the special theory of relativity. Intended for engineers and 
engineering students, unnecessarily involved mathematics being avoided. 


CARR, L. H. A. 621.3.001.4 


The testing of electrical machines* 

London: Macdonald, 1960. pp. 299. 22 x 14cm. £2 10s. 

Deals with the tests normally applied to standard classes of machines; 
single-phase and 3-phase commutator machines are not referred to. 
General considerations regarding testing are discussed, and the require- 


ments for setting up and testing particular classes of machines are 
studied. This book was reviewed in the January 1961 Journal, p. 42. 


EGLI, P. H. (Editor) 537.32 


Thermoelectricity; including the proceedings of the conference on 
thermoelectricity sponsored by the Naval Research Laboratory, 
September 1958 

New York and London: John Wiley, 1960. pp. x, 407. 

23-5 x 15cm. £4 

Contains papers on the fundamental concepts and basic parameters, 
the chemical and physical properties of materials at high temperatures, 
and the measurement of heat conductivity and other properties of 
Materials. This book will be reviewed in a future issue. 
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538.551 


FICH, S., and POTTER, J. L. 


Theory of a.c. circuits* 


London: Macmillan, 1959. pp. xii, 453. 23 x 15cm. 335s. 


This book is intended to lead the student to a future work on the 
theory of communication networks. It is a mathematical treatment, 
but determinants, matrices and more-advanced mathematics are 
explained for the student in the text. It contains many examples by 
way Of illustration, and problems for the student to solve. This book will 
be reviewed in a future issue. 


GIBSON, A. F., and others (Editors) 
Progress in semiconductors—Vol. 5* 
London: Heywood, 1960. pp. vii, 316. 25-5 x 16cm. £3 3s. 


Contains a paper on the electrical properties of semiconductor surfaces 
and another on the thermal conductivity of semiconductors. The 
remaining five articles deal with optical properties. This book will be 
reviewed in a future issue. 


621.315.59 


KERCHNER, R. M., and CORCORAN, G. F. 
Alternating-current circuits. 4th edition* 

New York and London: John Wiley, 1960. pp. x, 602. 
23:5 x 15cm. £3 10s. 


Follows the same pattern as the previous editions. There is an additional 
introductory chapter, and steady-state analysis and the transient 
analysis of LCR series circuits are now dealt with. 


538.551 


LANGLOIS-BERTHELOT, R. 621.314.2 


Transformers and generators for power systems: their behaviour, 
capabilities and rating* 

London: Macdonald, 1960. pp. xxili, 541. 22 x 14cm. £3 5s. 
This volume comprises two separate books, one on transformers, the 
other on synchronous machines. Minor constructional and design 
details are omitted, but in other respects it is a comprehensive treatment 
covering theory and operation in both transient and steady-state 
conditions. This work was reviewed in the August 1960 Journal, p. 504. 


LAUT, V. N., and LYUBOVICH, L. A. 518.5 


The cathode ray tube memory of the high-speed electronic computer 
of the U.S.S.R. Academy of Sciences* 


London and New York: Pergamon Press, 1960. pp. xi, 90. 
25 x 16cm. 35s. 


This translation from the Russian describes the internal cathode-ray 
storage unit of the Russian BESM I high-speed computer, comparing 
the suitability of ordinary oscilloscope tubes, c.r. tubes with internal 
regeneration, and tubes of the barrier grid type. This book was reviewed 
in the January 1961 Journal, p. 45. 


LEVESON, J. H. (Editor) 518.5 


Electronic business machines* 

London: Heywood, 1959. pp. 272. 21-5 x 15cm. £2 Ss. 

This is based on a course of lectures on programming, data-processing, 
equipment, and applications. It is intended mainly to help management 


to appreciate the possibilities of computers in industry and commerce. 
It was reviewed in the August 1960 Journal, p. 504. 


MIDDLETON, D. 621.391 


An introduction to statistical communication theory* 


New York and London: McGraw-Hill, 1960. pp. xix, 1140. 
24 x 16cm. £9 14s. 


This is a very comprehensive mathematical treatment of the subject at 
an advanced level. It is divided into four parts—statistical theory, 
random noise processes, applications in amplitude- and frequency- 
modulated systems, and statistical theory of reception. It was reviewed 
in the September 1960 Journal, p. 553. 
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Library accessions (continued) 


ROUSSEAU, P. 92:53 
Ces inconnus ont fait le siécle 
Paris: Hachette, 1960. pp. 331. 20 x 15cm. 1350 old frs. 


A brief history of technology based on the work of some of the promi- 
nent scientists of the last 100 years, including, in the electrical field, 
J. A. Fleming, Lee de Forest, Heaviside and Tesla. 


SLOT, G. 534.85 
From microphone to ear; modern sound-recording and reproduction 
technique. 3rd edition* 


London: Cleaver-Hume, 1960. pp. ix, 260. 21 x 15cm. 2ls. 
A detailed description of gramophone and tape recording and reproduc- 
ing equipment. ‘ 
SJOBBEMA, D. J. W. 

Using transistors* 

London: Cleaver-Hume, 1960. pp. viii, 110. 21 x 15cm. 15s. 


621.314.7 


Deals with the characteristics of transistors, practical aspects of circuits 
in which they are used, the effects of temperature changes on transistor, 
and suggestions for servicing equipment incorporating them. 


OTHER PUBLICATIONS 


ASSOCIATED ELECTRICAL INDUSTRIES 
(MANCHESTER) LTD. 


Inspection and testing of materials of construction used in turbing 
and generators by L. E. Benson and J. Johnson. Research serig 
No. 70 


Manchester: Associated Electrical Industries, 1960. pp. 17. 
27-5 x 21cm. np. 

AUTOMATIC TELEPHONE AND ELECTRIC CO. 
B.P.0.4000-type selector. Engineering Bulletin 531. Issue 1 


London and Liverpool: Automatic Telephone and Electric Co, 
1960. pp. 13. 27:5 x 21cm. nop. 





Forthcoming events at Savoy Place 


ALL meetings are held at Savoy Place, beginning at 5.30 p.m. (tea at 
5 p.m.), except where otherwise stated. The nature of the meeting is 
indicated by the following key: 
EDUCATION DISCUSSION CIRCLE 
ELECTRONICS AND COMMUNICATIONS SECTION 
INFORMAL 
MEASUREMENT AND CONTROL SECTION 
MEDICAL ELECTRONICS DISCUSSION GROUP 
ORDINARY 
SUPPLY SECTION 
UTILIZATION SECTION 

After each paper that has now been published is added the month 
when a synopsis appeared in the Journal under ‘Papers and monographs 
published individually this month’, i.e. about the time when the paper 
was published as a separate. A paper that has not yet been published 
will be available at least ten days before the meeting at which it will be 
read. The full list of London meetings is given in the meetings card, 
which is available on request from the Secretary of The Institution 


oxalecul 


February 1961 


16 Thursday L. 3. DAVIES, C.B.E., M.A., B.SC. The Faraday Lecture 
‘Transistors and all that’ (at Central Hall, Westminster, 
London S.W.1, at 6 p.m.) synopsis: December 1960 Journal, 
p. 740 

E 17 Friday w. B. THOMPSON, B.A., M.A., PH.D. Lecture on ‘A compre- 
hensive introduction to plasma physics’ t 

Tuesday ©. KUFFEL, M.SC., PH.D. Lecture on ‘Sphere-gaps’t 
supported by the following papers: E. KUFFEL, M.SC., PH.D. 
‘Influence of humidity on the breakdown voltage of sphere- 
gaps and uniform-field gaps’ (paper 3322M) synopsis: see p. 112, 
‘The direct-voltage calibration of air-gaps in a uniform field 
and between spheres up to 25cm in diameter, with recom- 
mendations for standard test conditions’ (paper 3372m) 
synopsis: see p. 112, and ‘The effect of irradiation on the 
breakdown voltage of sphere-gaps in air under direct and 
alternating voltages’ (monograph 329M) synopsis: February 
1959; E. KUFFEL, M.SC., PH.D., and A. S. HUSBANDS “The 
influence of nearby earthed objects and of the polarity of 
the voltage on the direct-voltage breakdown of horizontal 
sphere-gaps’ (paper 3371M) synopsis: see p. 112 (Joint Meeting) 
Wednesday 3}. £. MEGGITT, M.A., PH.D. Lecture on ‘Coding 
theory and its applications’t 

23 Thursday Annual Dinner (at Grosvenor House, Park Lane, 

London W.1, at 7 for 7.30 p.m.) 


MSU 21 


Bs 2 


March 1961 


1 Wednesday G. S. BOSWORTH, M.A., will open a discussion on 
‘The training of “‘electrical’’ and “‘electronic” engineers for the 
aircraft industry’ ft (1.E.E. and R.Ae.S. London Joint Group at 
the Royal Aeronautical Society, 4 Hamilton Place, London 
W.1, at 6 p.m., tea at 5.30 p.m.) 
o 2 Thursday N. N. HANCOCK, M.SC.TECH., and P. L. TAYLOR, M.A. 
‘The place of formal study in the postgraduate training of an 
electrical engineer’ (paper 3539) synopsis: see p. 112 
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MED 3 Friday H. B. MORTON and H. R. A. TOWNSEND will open a 
discussion on ‘The clinical value of e.e.g. recording’ and 
‘Present trends. in general-purpose e.e.g. recorders’* (at 
6 p.m., tea at 5.30 p.m.) 

E 6 Monday E. D. R. SHEARMAN, B.SC. ‘An investigation of the 

usefulness of back-scatter sounding in the operation of hf. 

broadcast services’ (paper 3506E) synopsis: see p. 112 

Tuesday A. V. HEMINGWAY, B.SC.(ENG.), and R. L. DRESSLER, 

B.SC.(ENG.). Lecture on “The automatic control of machines for 

assembling mechanical components’ ft 

s 9 Thursday Section Dinner-Dance (at the Connaught Rooms, 
London W.C.2, at 7‘for 7.30 p.m.) 

13. Monday L. H. WELCH, O.B.E., B.SC.(ENG.), will open a discussion 
on “Town planning and electrical requirements’ ft 

ED 14 Tuesday H. W. FRENCH, B.SC., will open a discussion on ‘New 

routes into National Certificate and technician courses’* (at 

6 p.m., tea at 5.30 p.m.) 

Wednesday P. L. DAVIES, B.SC.,~PH.D., and D. J. HARRIS, 

B.SC.(ENG.), PH.D., will open a discussion on ‘Magnetohydro- 

dynamic generation of electricity’ 

U 16 Thursday D. Ss. FARR, H. C. HALL, M.SC., and A. L. WILLIAMS, 
PH.D., M.Sc. ‘A dynamic model for studying the behaviour of 
the overhead equipment used in electric railway traction’ 
(paper 3530u) synopsis: see p. 112 


M 21 Tuesday J. H. WESTCOTT, B.SC.(ENG.), PH.D., J. L. DOUCE, M.SC., 
PH.D., P. E. W. GRINSTED and P. H. HAMMOND, B.SC., will opena 
discussion on ‘Self-adaptive control systems’ t 

ES 22 Wednesday R. CARRUTHERS, B.SC.(ENG.), and D. L. SMART, 


B.SC.TECH. Lecture on “The engineering aspects of plasma 
physics’t (Joint Meeting) 
* No advance information will be available and no Press report will be permitted 


+ An abstract will be available in advance 
¢t An abstract will be available in advance, but no Press report will be permitted 





District Meetings 


ARRANGEMENTS for District Meetings in February and March 1961 
other than in the area of a local Centre 


February 1961 


HATFIELD (at Hatfield Technical College at 7 p.m., tea at 6 p.m.) 
27 Monday &. M. BRADLEY ‘Magnetic properties of thin films for 
computing devices’ 


March 1961 


MAIDSTONE (at Maidstone Technical College at 6.30 for 7 p.m.) 

6 Monday s. J. EMERSON, M.ENG. Lecture on ‘Safety in the utilization 
of electricity’ 
OXFORD (at the District Office of the Southern Electricity Board, 
37 George Street, at 7 p.m.) 

8 Wednesday c. G. BAILEY ‘Automatic warehousing’ 
READING (at the George Hotel, King Street, at 7.15 p.m.) ; 

20 Monday M. 3. L. PULLING, C.B.E., M.A. ‘Development of Eurovision 





JOURNAL I.E.E. 
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January 1961 
ELECTIONS 


Associate Members 
carter, Anthony Welford, B.sc, 
caTFORD, Maurice Braund, B.SC.TECH. 
CONSTANT, Col. John, M.A. 
Hopper, Lt.-Cmdr. Michael 

Thompson, M.A., R.N. 


Associates 

seckET, Frederick John 

FLACK, Raymond Frederick Hugo 
gisBons, William 

HANNINGTON, George Edward John 


TRANSFERS 


Associate Member to Member 
ALDERSON, Robert 

BACON, Charles Cecil 

cray, Archibald Johnston, B.Sc. 
HARTILL, Eric Raymond, B.SC.(ENG.) 
Mine, George Bernard Campbell 


Graduate to Member 
CHAPLIN, George Brian Barrie, M.SC., 
PH.D. 


Graduate to Associate Member 
BAILEY, Arthur Raymond, M.SC.(ENG.) 
BALL, Derek Stanley 

gate, Norman William, B.Sc. 
BROOMFIELD, John David, D.F.H. 
BROWN, Norman Alan 

BUNN, William John 

BURTON, Frederick Arthur Thomas 
CARMON, Arye 

CAWTHRAW, Maurice John, B.SC. 
pavip, David Abdullah, B.sc.(ENG.) 
ESSAM, Roy 

FORDHAM, Arthur John 

FULL, David Hamilton 

Goopison, Harold 

HEATON, Alan Gibson, B.SC. 

HEPPER, Anthony Peter 

HERNEN, Brian 

HUNTER, Neil Christopher 


The following elections and 


The following elections and transfers approved by the 
Council of The Institution are effective from the 2nd 





LEES, Dennis Geoffrey 

SHELDON, Clive Wilfred 

SLATER, Group-Capt. Kenneth Reece 
Christopher, C.B.E., A.F.C., R.A.F. 

sSuEZ, Robert Kyeu Wo 


NICKELS, Henry Claude 
TAUCHERT, Edward 
VAUGHAN, Reginald Arthur 
WHITE, Colin James 


MOUNSTEN-HARRISON, Henry 

PERKINS, George David, B.A., 
DIPL.-ING. 

PRINCE, Col. Harold 

woop, Alan Blakeley, B.sc. 


KIME, Frederick William 

LEE, Kenneth Philip Robert, 
B.SC.(ENG.) 

LIVESEY, James Geoffrey, B.Sc. 

MACKAY, Ivor Macdonald, B.sc.(ENG.) 

MAHADEVAN, Kumar, D.F.H. 

PHILPOTT, John Gordon 

RIDPATH, Herbert Arthur Lesiie 

SAMPEYS, Alfred Marcos 

scott, Gerald Gordon 

STARKEY, Alfred 

TULL, Reginald Charles 

TURNER, Alan Victor 

VICARS-HARRIS, Michael 

WALTERS, Lance Peter 

WELLER, John Michael 

YARROW, Gordon James, B.Sc. 


transfers approved by the 


Council of The Institution are effective from the Sth 


January 1961 
ELECTIONS: 1st LIST 


Graduates 

ABEL, Leslie Arthur 

AINLEY, Michael Richard, B.sc. 

BADGER, Terence James, B.SC.(ENG.) 

BAILEY, Norman Lewis, B.SC. 

BEAK, Eric John, B.SC.(ENG.) 

BENNETT, Donald Anthony, B.SC. 

BRADSHAW, Malcolm Frederick 
William, B.sC.(ENG.) 

BRUNNER, Francois, D.PL.-ING. 

BUTTERWORTH, Derek James 

CLARK, Paul Derek 

DARTON, Kenneth Stanley 

Davies, David Malcolm, B.sc 

DRAPER, Robin Ralph, B.SC.(ENG.) 

EDGINTON, Derek Alfred, B.SC.(ENG.) 

EDwaRDs, David Paul, B.sc. 

=DWaRDS, Michael Allen 

&6£, Silas Oramakevbo, B.SC.(ENG.) 

EVANS, Roy Vernon 

MIZGERALD, Alvin Edward, 
DIP.TECH.(ENG.) 

GELDART, George Herbert 

GLEN, John Robin Hunter, B.sc. 

GUELKE, Conrad Beardwell, M.sc. 

GuPTa, Krishan Kumar, B.A., 
B.SC.(ENG.) 


FEBRUARY I961 


HARDING, Derek Ernest 

JENKINS, Aldwyn Thomas 

JOHNSTON, Derek McIntyre 

JONES, Cyril, B.ENG. 

JONES, Ifan Bleddyn Lloyd 

JURGENS, Leslie 

KEILL, Richard David, B.ENG. 

KENNEDY, Robert Teasdale, A.H.-w.c. 

LOUISE, Serge Emmanuel 

Louw, Barend Stadler, B.sc.(ENG.) 

McCALLUM, Bartholomew Cowie, 
A.H.-W.C. 

MAINE, Anthony Clifford, B.sc.(ENG.) 

MANKTELOW, Anthony John 

MILLS, James Sinclair, A.R.C.s.T. 

NANKA-BRUCE, Edward, A.R.C.S.T. 

NASH, John Robson, B.Sc. 

O’FLAHERTY, Thomas Maurice Mary, 
B.E. 

ORTON, Geoffrey Keith, B.ENG. 

PADDEN, Terence Joseph, B.ENG. 

REEVES, Anthony John Weybourne 

REYNOLDS, Richard Gurdon, B.A. 

RIXON, Brian Hugh Arthur, B.Sc.(ENG.) 

RYAN, Hugh McLaren, A.R.C.s.T. 

RYLE, Dermot, B.E. 


Elections and transfers 





Graduates (continued) 
SAUNDERS, Peter Stephen John 
SHELDON, Kenneth 

STALLEY, Anthony Donald, B.SC.(ENG.) 
STENHOUSE, Stewart, B.SC.(ENG.) 
TRAYNER, James Peter 


Students 
ALDER, Gordon Albert 
ALDERMAN, David Richard 
AUSTEN, Edward Harold 
AVSEC, John 
BAILEY, Charles John 
BARRATT, Alan 
BARTLETT, Geoffrey Ernest 
BEAUMONT, Ronald 
BEEVERS, Colin Lionel 
BENT, Michael Charles 
BINNIE, Alexander Joseph 
BIRD, Peter John Arthur 
BLAKE, Alan Ronald 
BLAKE, Derek John 
BOND, Alan Henry 
BOOKER, Eric Michael 
BOWDIN Alan 
BOYLE, Ronald Peter 
BRIGHTMAN, Robert James 
BRINSFORD, 2/Lt. James Stanley, 
R.SIGNALS 
BROMLEY, Frederick Arthur 
BROWN, Albert Norman 
BUNTING, Brian Edward 
BURNS, Roger Peter 
CARE, Robert Spencer 
CARRADINE, Ian James 
CHEYNE, Roger Leonard 
CHONG, Beng Tiat 
CHOULES, Philip Cedric 
CHOWDHURY, Shan Alam, B.SC.(ENG.) 
CLEGG, Trevor Edwin 
coatTes, Roger Alfred 
COLBROOK, Philip Charles 
COLDRICK, Eric Arthur 
CONNAH, Alan 
CONSTANTINE, Norman Joseph 
Cooper, Ian Frederick 
cooray, Muthuthanthrige Roland 
Edmund 
CORKER, Reginald David 
cotton, Colin Keith 
COULSON, John Alan 
courtis, John Hoskin 
CRAIG, John Henry Stewart 
curtis, Herbert Ernest 
Davies, Hywel Morley 
DAVIS, Michael James 
DAVISON, Wilfred Michael 
DAWSON, Geoffrey 
DENTON, Alan 
DOWNIE, Donald Forbes 
DRANSFIELD, Derek Edward 
DUNCAN, Robert Ronald 
EASEY, William Roy 
FERGUSON, Sarah Craig 
rice, John Victor William 
FORBES, William 
FREED, Arthur Woolf 
FRYETT, Malcolm Leslie 
GHOSE, Satyabroto 
GILLANDERS, John Ross 
GODDARD, Lionel Godfrey Joel 
GOH, Johnny Kok-Guan 
GREENWOOD, David Michael 
GREGORY, Douglas Stuart 
GRIFFITHS Gwynne 
HAGUE, Stuart Michael 
HALL, Donald Maxwell 
HARTE, Robin Willis 
HAWKES, Geoffrey Richard 
Haynes. John William 
HEATON. James Mulgrave 
HEATON-ARMSTRONG, Christopher John 
HILL, Peter John Beastall 
HOLDING, Erica Wallace 
HOPWOOD, Leonard Cameron 
HORN, Douglas 
HUGHES, Philip Foulkes 


WALTERS, Keith Mervyn, B.A. 
WEINER, David Graham, 8.SC.(ENG.) 
woop, John, B.Sc. 

WOODWARD, Reginald Bernard 


HUMPHRIES, William Rogerson 

ISAAC, Kenneth Brian 

JACKSON, Peter 

JESKINS, Dennis William 

JOGLEKAR, Shrikant Hari 

JOHNSON, Donald Edward 

JONES, Martin Evan, B.sc, 

JUDE, Anthony 

KEELING, Roy John 

KELLEY, Colin James 

KELLY, Paul Newton 

KEYs, Edward 

KING, Norman Fredric Wallace 

KWIATKOWSKI, Czeslawa 

LAKIN, Christopher Frederick 

LEES, James 

Lewis, David Willoughby 

LIM, Jin-Twan, B.SC.(ENG.) 

LocK, Roger David 

MACDONALD, Robert Laing 

McKENZIE, Colin 

MADDISON, John 

MAGEE, Charles Noel 

MANN, Richard Barnaby 

MANTLE, John Winstone Geoffrey 

MARSHALL, Clive 

MATHER, George 

MENENDEZ, Jose Menendez 

MILLAN, Joseph 

MILLER, David Edward 

MINCHOM, Noel Philip 

MOON, Norman Frederick 

MORRIS, Michael 

MUKHERJE, Ajit, B.E. 

MURRAY, James 

NORTH, Peter James 

oppy, Philip Joseph Peter 

OGDEN, Barry 

ONG, Boon Kheng 

oo1, Poh Loh 

O’TOOLE, Thomas Samuel 

PALMER, Adrian Edward Arthur 

PARDOE-WILLIAMS, Peter Damien 
Ronald 

PARKER, Michael Norman 

PARRY, Peter Graham 

PATEL, Dineshchandra Chandubhai 

PATERSON, Harold 

PEARSON, Alan 

PeckITT, Gordon 

PeeT, Brian Westby 

PHILLIPS, Alun 

PIKE, Barry Charles 

PIXTON, John 

QUINTON, Hedley Lloyd 

RAGHAVENDRA RAO, Yalagalavadi 
Vedavyasacharya, M.E. 

RAGINA, Homi Framroze, B.Sc. 

RAINS, John Russell 

RAM, Bendapudi Seetha 

RICHARDSON, Philip Keith 

ROBINSON, Peter David 

ROGERS, Gordon 

ROTTON, Peter John 

ROWLANDS, John 

RYCROFT, Robert John 

SALISBURY, Richard Oliver 

SAMPAT, Krishnakumar Haridas 

SANGSTER, Ronald Beath 

SATURLEY, Jonathan James 

SAUNDERS, Thomas Terence 

SEAL, Provat Kumar, B.E.E. 

seLBy, Christopher Neville 

SHACKMAN, John Dennis 

SHEPARD, Ronald Dennis 

SHEPHERD, William James 

SHEPHERDSON, Robin John 

SHIRLEY, Anthony Ronald 

SHIVAS, Roger Evan 





Elections and transfers (continued) 


Students (continued) 
SINGH, Gurdev 

SMITH, Andrew Franklin 
snow, Colin 

STAGG, David Thomas 
STANBOROUGH, Alan James 
STEVENSON, David Thomas 
STEWART, John Hunter 
STONE, Michael Bernard 
TAGG, Frederick George 
TATTERSALL, Clive Alan 
TAYLOR, Alan 

THOMPSON, George Howard 
THORNLEY, Roger Francis 


TRANSFERS: 1st LIST 


Student to Graduate 

BAHREE, Avinash Chander, B.SC.(ENG.) 
BARRY, William James, B.SC. 
BARTLETT, Bryn Bayton 

BAX, Terence John, B.SC.(ENG.) 
BROWN, Robert John, A.H.-W.c. 
DARNEY, lan Brook, B.Sc. 

DAVID, Vivian 

EASTLAND, Graham Philip, B.SC.(ENG.) 
ELVER, John Stanley, B.Sc. 

EVANS, William Martin, B.Sc. 

FAVRE, Raymond Albert, B.SC.(ENG.) 
FEAR, John, B.SC. 

GILL, Tara Singh, B.SC.(ENG.) 
JAYATUNGE, Nihal Gamini Perera 
KAPOOR, Madan Mohan, B.Sc. 

Low, Fook Yui, B.SC.(ENG.) 


ELECTIONS: 2nd LIST 


Graduates 

ALLEN, Emanuel, B.SC.(ENG.) 
ANDERSON, Hugh, A.H.-W.c. 
ANDERSON, James Spence, B.SC. 
ASHWORTH, John Robert 
BAINBRIDGE, Peter Lee, B.SC. 
BENNETT, Norman, B.SC.(ENG.) 
CONWAY, James 

CRABBE, George James 
ENDACOTT, Kenneth Alan, B.e. 
FARAGHER, Geoffrey Edward 
FRASER, Stewart Garth 

cose, Donald Henry 

GREEN, David Allan, B.SC.(ENG.) 
HEDGES, Anthony 


Students 

AINSWORTH, Alan William 
ALLAN, Richard 

ALLEN, Rodney Anthony 
ANAND, Kranti Vijai 

BAILEY, Frederick James 
BAKER, Keith Denis 

BAKER, William John 

BALL, Adrian Patrick Seymour 
BARNES. Sydney Cooper 
BATES, Peter Michael 
BEBBINGTON, Stuart Melvyn 
BENNELL, Christopher John 
BOWERS, Brian Peter 
BRADLEY, Philip 

BRADY, Roger, B.SC. 
BRUNDLE, Leonard Knowles 
BURRIDGE, Malcolm Richard 
BUTTERWORTH, Petcr Noel 
CALDER, Alan Cargill Moodie 
CAMPBELL, Keith David 
CHAHAL, Joginder Singh 
CHATTERJEE, Bimalendu, B.sc. 
cock, Christopher Charles 
COLLIER, Richard James 
cousins, Donald John 

crisp, Richard James 

cross, Anthony Earl 

currie, Gerald Douglas 
DART, Thomas Frederick Reginald 
DAVEY, Brian Edward 
DAvies, Clive Wilfred 

Davies, David Kendal 
Davies, Martin Richard 
DEBBAS, Robert 

DENNARD, Brian Richard 
DONEGAN, Brian Francis 


126 


TOMLIN, Allan Joseph 

TYLER, Robert 

VIPOND, Douglas Dan 
WACKETT, David 

WALKER, Kenneth 

WALL, Roy Stanley 

WARNER, David John 

WHITE, Michael Frederick 
WILSON, John Stuart 

woop, Keith Richard 
WOODALL, Kenneth Anthony 
WORRELL, Brian Frank 
wortTny, John Gordon Burnett 


LYALL, James Robert Watt, B.SC.TECH. 

MEIKLE, James, A.H.-W.C. 

MORGAN, William Ieuan, B.Sc. 

MORRIS, Clive, B.SC. 

Noss, Christopher Kenyon Ffrench, 
B.SC.(ENG.) 

SAHA, Satya Gopal, B.Sc. 

SANDISON, Brian John, A.H.-W.C. 

SINGHAKOWINTA, Anek, B.SC.(ENG.) 

STEELE, John Archer 

STITSON, James Arthur Robert, B.sc. 

SUTHERLAND, Richard Ian Harper, 
B.SC.(ENG.) 

TURNER, Graham Vincent, B.ENG. 

WHITBOURN, Edward Albert 

WICKRAMASURIYA, Noel Percy 


HOLROYD, Raymond 

HUMBLE, Peter John Frederick, B.A. 
LAMB, David Alexander Angus, B.SC. 
LEONARD, Patrick 

LILLEY, David Arthur, B.SC.(ENG.) 
LocK, Brian Gordon 

MATHERS, Ronald William, M.£. 
MILLER, Alexander, A.R.T.C. 
PROCTOR, Codrington Theodore 
RICHARDSON, Graham Albert 
STARK, John David Sinclair, B.sc. 
STEGHART, Peter Bruno, B.A. 
TROTMAN, Robert Edward, B.Sc. 
WOOLLARD, Adolphus Charles 


DOWNING, Raymont Meredith Maurice 
DRINKWATER, Keith 

DUNN, Ronald 

ELLIS, John Michael 

FERGUSON, Derek 

FITTON, John Waring 
FRANCIS-LANG, Michael Robin 
FRASER, Kenneth James 
GARDINER, Fred 

GILMOUR, Joseph 

GoopyYER, John Edward 

GouGH, David Edwin 

GRAVES, Roger Henry Willis 
GREENWAY, Philip James 

GUNN, Brian 

HALL, Jeremy John Samuel Burnley 
HASLAM, Michacl 

HAYGARTH, Charles Neville 
HEPWORTH, David 

HILL, Neil Frederick 

HOARE, S/Sgt. Ronald Neville 
HORSLEY, Anthony William 
HOUCHIN, Robert Clive 
HUMPHRIES, Michael John 
JAQuES. Graham 

JAYASURIYA, Ariyapala 

JEFFERY, John Robert 
JOHANSON-BROWN, Michael John 
JOHNSON, Sub-Lt. Alan Richard, R.N, 
JONES, Raymond George 
KASSUM, Sultan 

KELM, Patrick Aloysius 

LEE, Michael Robert 

Levy, Shalom 

LLEWELLYN, Peter John 
LONGHURST, Peter Dawson 


Students (continued) 
LUND-LACK, Roger 

MARKE, David Alexander Hooper 
MARS, Philip 

MILLWARD, John Peter 


ROBINSON, John Kelvin 

ROBSON, Victor Raymond 

ROE, Graham Dudley 

ROGERS, Alexander Arthur Pearce 


MITCHELL, Michael Ernest Neville 
MITCHELSON, George Milne Easton ROWE, Donald 
MooRE, Christopher John SHARP, Roy 


SHAW, James Michael 
SINNATAMBY, Arumugam 
SOUTHWOOD, Charles Michael 
SPENCER, Stephen Arthur 
SPRINGATE, David Henry Roland 
STEPHENSON, Frederick William 
THIRUVARUL, Ponniah 
TILAKARATNE, Charles 

TUCK, Philip James 

WALKER, Norman 

WATKINSON, Charles Roy 
WHITE, Malcolm James 
WHITEHOUSE, Alan Conn Davidson 
wicks, Tony Donald Stanley 
WILLIAMS, Anthony 

WILLIAMS, Barry 

WILLIAMS, David Raymond 
WILLIAMS, Roger 

YAJNIK, Atul Ramanla! 


MUMMERY, Brian David 

MURPHY, Brian Devine 

MURPHY, John Vernon, B.E. 
MURPHY, Terence Francis Russell 
NADARAJAH, Rasiah 

NETHERCOT, Roger Charles Alfred 
NICHOLLS, Maurice Percy 

NIMMO, David 

NORMAN, Roger Keith 

OPONG, Yaw Ntou 

PAGE, Joseph John Gerwyn 
PERERA, Hettiachchige Paul 
PETHIG, Ronald 

PHILLIPS, Richard James Douglas 
pitt, Alastair Martin 
RAJASINGAM, Supper Kandian, B.Sc. 
RAMSAY, Graham George 
RAWLINSON, Kevin 

REDFORD, Kenneth Manning 
RICKUS, Roy Walter 


TRANSFERS: 2nd LIST 


Student to Graduate 
BAXTER, Victor Francis, B.SC.(ENG.) 
BEGG, Alastair George, B.SC. 

BELL, Howard Thomson, B.Sc. 
BURT, Michael, B.SC.(ENG.) 

CULLIS, Roger, B.Sc. 


LINGHAM, Paramsothy Vaithia, 
B.SC.(ENG.) 
Lowe, John Malcolm, B.sc. 
McKENZIE, Iain Alexander, B.SC.(ENG,) 
MATTHEWS, Paul Stuart, B.sc. 
DANIEL, Peter, B.SC. MILNE, James Dawson, B.SC. 
HOLE, Godfrey William Reynolds, SMETHURST, John Adrian, B.Sc. 
B.E. THOMSON, Neil Worley, B.sc. 
JOHNS, Bernard Thomas, B.Sc. WILLIAMS, John Hywel, B.SC.(ENG.) 





Contents of the current Proceedings 


The date in italics is that of the Journal review, special article, o 
synopsis. Where given, the date in capitals is the month in which a paper 
or monograph was published individually 


PART A. POWER ENGINEERING (FEBRUARY 
1961) 


SIR HAMISH D. MACLAREN, K.B.E., C.B., D.F.C.*, LL.D., B.SC. 
Address as President January 1961 


Supply Section: Chairman’s Address January 


Inaugural 


J. E. L. ROBINSON, M.SC. 
1961 


J. M. FERGUSON, B.SC.(ENG.) 
January 1961 


Centre, Sub-Centre and Group Chairmen’s Addresses 


Utilization Section: Chairman’s Address 


Discussion on Silicone electrical insulation before the Western Centre 
and the North Midland Utilization Group 

G. JANCKE. PAPER 3380S The development of the 400kV network in 
Sweden February 1961 

V. FURUSKOG, C.E., M.A.S.C.E., and G. KENNEDY, M.A. 
The Aswan hydro-electric scheme 

Discussion on Progress in permanent-magnet materials before the 
Rugby Sub-Centre 

H. EDELS, B.SC.TECH., PH.D. PAPER 3498M Properties and theory of the 
electric arc (Review of progress) February 1961 


ABSTRACT 3514 


PROF. M. A. B. EL-KOSHAIRY, PH.D., M. KHALIFA, M.SC., PH.D., and F. 
ABOUL-MAKAREM, B.SC., M.SC. PAPER 3486U Erosion of contacts by 
arcing February 1961 

Discussion on Development of high-voltage air-break circuit-breakers 
with insulated-steel-plate arc chutes before the Western Centre 


Discussion on The application of low-pressure resins to some high- 
voltage switchgear designs before the North-Western Supply Group 


PART B. ELECTRONIC AND COMMUNICATION 


ENGINEERING (JANUARY 1961) 
See the Journal for January 1961, p. 38 


PART C. MONOGRAPHS (SEPTEMBER 1960) 
See the Journal for September 1960, p. 561 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 
gTH JANUARY 1961 


no. of 
contributors : se 
£1000 and over 8 8685 0 0 
£100 to < £1000 32 7181 3 O 
£5 to < £100 924 9654 19 7 
£2 to < £5 2294 6329 8 10 
under £2 29238 15385 0 4 
£47235 11 9 


HONOURS AND DISTINCTIONS 
CONFERRED ON MEMBERS 


THE names of these members of The Institution were included 
in the list of New Year Honours and Distinctions conferred 
by Her Majesty the Queen: 


KNIGHT 
Dannatt, C., O.B.E., D.sc. (Member) 


COMMANDER OF THE MOST EXCELLENT ORDER 
OF THE BRITISH EMPIRE 


Gemmell, W. T., B.sc.(ENG.) (Member) 
Goodman, C. W., B.E. (Member) 

Jones, R. H., M.sc. (Member) 

Scott, J. B. (Associate) 

Young, A. J., B.sc.(ENG.) (Member) 


OFFICER OF THE MOST EXCELLENT ORDER OF 
THE BRITISH EMPIRE 


Andlaw, E. V., M.B.E. (Member) 

Baker, H. W. (Member) 

Burt, D. O., B.sc.(ENG.) (Associate Member) 

Clinch, W. N. C. (Member) 

Emerson, S. J., M.ENG. (Member) 

Handcock, Cmdr. R. W., B.SC., R.N. (Associate Member) 
Smart, Instr.-Cmdr. T. R., B.A., B.SC., R.N. (Associate Member) 
Sowton, C. W., B.sc. (Associate Member) 


MEMBER OF THE MOST EXCELLENT ORDER OF 
THE BRITISH EMPIRE 


Brown, R. E. C. (Associate Member) 
Dickinson, Maj. R. B. (Associate Member) 
Hardaker, E. V., M.c., B.sc. (Member) 
James, R. N. (Member) 

Morison, J. W. (Member) 


Ith GRAHAM CLARK LECTURE 


HR.H. Prince Philip, Duke of Edinburgh, K.G., P.c., K.T., 
G.B.E., F.R.S., HONORARY MEMBER, will deliver the 7th Graham 
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Clark Lecture on Thursday, 13th April 1961, at 5.30 p.m., 
before a Joint Meeting of The Institutions of Civil, Mechanical 
and Electrical Engineers. His subject will be ‘Resources, 
human and material, of the Commonwealth’. 

The meeting will take place at The Institution of Civil 
Engineers, Great George Street, London S.W.1. Admission 
will be by ticket only. 

A member wishing to attend should make early application 
for a ticket to the Secretary of The Institution of Electrical 
Engineers, using the form enclosed with this issue of the 
Journal. 


APPOINTMENTS AND NOMINATIONS 
WIRING REGULATIONS COMMITTEE 

ON the nomination of the Electricity Board for Northern 
Ireland, the Council have appointed Mr. W. M. Barron, 


ASSOCIATE MEMBER, to serve on the above committee in the 
place of Mr. W. S. Gardner. 


B.S.I. ELECTRICAL INDUSTRY STANDARDS COMMITTEE 


The Council have nominated Mr. Forbes Jackson, MEMBER, 
as their representative on the above committee in the place 
of Mr. H. T. Young, PAST-PRESIDENT, who wishes to dis- 
continue his service. 


B.S.I. SUB-COMMITTEE ELE/3/17—P.V.C. CABLES FOR 
SWITCHBOARDS 

The Council have nominated the Secretary of The Institution 
(or his deputy) as their representative on the above sub- 
committee in the place of Capt. C. E. Mills, MEMBER. 


WOMEN’S ENGINEERING SOCIETY—COUNCIL 

The Council have nominated Sir Willis Jackson, D.SC., D.ENG., 
LL.D., F.R.S., PAST-PRESIDENT, to continue to serve as their 
representative on the above council during 1960-61. 


ROYAL SOCIETY—BRITISH NATIONAL COMMITTEE FOR 
SCIENTIFIC RADIO 

The Council have nominated Dr. J. A. Saxton, MEMBER, as 
their representative on the above committee for six years 
from the Ist January 1961 in the place of Sir Noel Ashbridge, 
B.SC.(ENG.), PAST-PRESIDENT, whose term of office on the 
committee expired on the 31st December 1960. 


WEST MIDLANDS ADVISORY COUNCIL FOR FURTHER 
EDUCATION—ELECTRICAL ENGINEERING ADVISORY 
COMMITTEE 

The Council have nominated Mr. C. F. Partridge, B.sc.(ENG.), 
MEMBER, as their representative on the above committee. 


ADVISORY COUNCIL ON EDUCATION FOR MANAGEMENT 


The Council have nominated Col. B. H. Leeson, C.B.£., T.D., 
PAST-PRESIDENT, HONORARY MEMBER, as their representative 
on the above council. 
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Announcements to members (continued) 


ELECTRONIC AIDS TO BANKING 

SYMPOSIUM IN JANUARY 1962 

THE tasks of keeping customers’ accounts and handling their 
cheques constitute a substantial part of the routine work of 
banking. The methods used to achieve speed, accuracy and 
safety in performing these tasks have been developed to a 
high degree of perfection in the course of more than two 
centuries of relevant banking activities, and the service is 
backed by a solidly founded tradition of reliability. In many 
countries, the pace of industrial development and the conse- 
quent growth in the national economy have compelled 
banking to turn its attention to the modern achievements of 
the electronic industry and to install electronic equipment as 
an aid in carrying out a variety of operations. 

With the support of the Council of The Institution and the 
kind co-operation of the Electronics Sub-Committee of the 
London Clearing Bankers, the Electronics and Communica- 
tions Section and the Measurement and Control Section will 
hold a symposium on electronic aids to banking at Savoy 
Place on the 17th and 18th January 1962. The subject-matter 
of the symposium will be dealt with in four sessions. In the 
first session, banking experts will state their problems. The 
three following sessions will be devoted, respectively, to 
questions of handling documents, including automatic 
character-reading and cheque sorting; to accounting aspects 
and the use of electronic computers; and to communication 
aspects, e.g. links between bank branches and a central 
computer, including data transmission and closed-circuit 
television, over both short and long distances. 

The Organizing Committee invite the submission of papers 
and contributions for the symposium. Intending authors are 
asked to submit as soon as possible, and in any event not 
later than the 14th April 1961, synopses of not more than 
about 250 words each for preliminary consideration. The 
closing date for the submission of completed manuscripts is 
the 31st August 1961. 


MEMBERSHIP OF LOCAL CENTRES 
AND SUB-CENTRES 


A MEMBER whose registered address is within the area of a 
Centre or Sub-Centre is automatically attached to the Centre 
or Sub-Centre concerned, and also, if he is a Student or a 
Graduate under the age of 28, to any Graduate and Student 
Section within the area. Any member who so wishes, however, 
may be attached to any Centre or Sub-Centre adjacent to 
that in which he resides, if this is more convenient to him, 
by making a request in writing to the Secretary of The Institu- 
tion to that effect. 


REGISTER OF MEMBERS—CHANGES 
OF ADDRESS 


MEMBERS are reminded that notifications of change of address 
should be made to the Secretary of The Institution in London. 
Where a transfer from the area of one local Centre or Sub- 
Centre to that of another arises as a result of a change of 
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address, the transfer is automatically arranged by head. 
quarters, and the member concerned need not notify also the 
Honorary Secretary of the local Centre or Sub-Centre. 

To obviate the possibility of errors in the records, members 
are particularly requested when notifying a change of address 
to give their full initials, their previous address and their class 
of membership. 


50 YEARS OF MEMBERSHIP 


THE Council take much pleasure in placing on record the 
completion of 50 years of membership of The Institution by 
the members whose names appear below; they first became 
associated with The Institution in the year 1911. 


Alvey, G. B. Moss, R. D. 
Bartram, Lt.-Col. W. F. B. Onslow, D. V. 
Beavis, E. A. Park, H. E. 
Brooks, R. Percival, A. J. 
Burns, Lt.-Col. S. Perrin, E. S. 
Chatterjee, S. K., B.sc.(ENG.) Perrin, J. F. 


Clifford-Smith, D. H. Polden, Wing-Cmdr. C. J. 


Davidson, D. H. Porte, R. G. 

Devey, R. G. Preston, E. B. C. 

Flight, W. S. Primrose, J. S. A. 

Friend, R. H. Puttick, H. W. 

Gellion, F. J. Ramsey, A. G., C.B.E., B.SC.(ENG.) 
Haigh, T. H. Richardson, W. P. 

Hay, P. G. Riley, T. 

Hecht, N. F. S. Roberts, A. 

Henniker, H. V. Rogers, G. 

Hews, C. J. Rosen, J., B.sc.(ENG.) 

Hill, F. E. Searle, A. M., M.B.E. 

Hird, C. H., M.c. Simpson, Col. A. H., C.M.G. 
Hollings, G. A. Solomon, Maj. T. H., T.p., 
Howarth, O. B.SC.(ENG.) 

Hutchinson, E. Stace, Lt.-Col. R. E. 
Jackson, P. S. E. Stanley, S. H. 

James, E. G., B.sc. Stewart, H. A. 

Jones, E. P. Tomlins, F. C. 

Kennett, W. C., B.SC.(ENG.) Townsend, H. C, 

Kerr, W. W. Travis, W. 

Kirwan, W. C. Trent, H. E. 

Marr, J. B. Villanueva, A. 

Mathias, E. L. A. Webbe, Capt. D. B., M.B.E. 
Meikle, J. White, W. F. 

Mellor, F., M.Sc. Willis, S. 

Moore, A. G. Woodrow, W. A. 

Moore, E. E. Woolley, Maj. T. G., T.D. 


Moore, W., M.B.E. Wyles, J. W. 


DISCUSSIONS AT MEETINGS 


THE Council of The Institution desire it to be understood that 
contributions to discussions at meetings should not be 
read from manuscript, since they consider that this form of 
presentation is contrary to the true spirit of a discussion. 


WRITTEN CONTRIBUTIONS TO 
DISCUSSIONS 


MEMBERS who are unable to be present at a meeting at which 
a paper is read, or who if present do not have an opportunity 
of speaking, may submit written contributions to the dis- 
cussion, which will be considered for publication in the 
Proceedings of The Institution. 

Written contributions on papers published in the Pro- 
ceedings without being read at meetings will also be considered 
for publication. 

Members should note that the Papers Committee have 
been obliged to set a limit of 300 words for contributions of 
either sort. 
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RAILWAY MODERNIZATION 
CONFERENCE 


ADVANCE details about the Railway Modernization Con- 
ference which is to be held at The Institution of Civil 
Engineers, Great George Street, London S.W.1, on the 3rd 
and 4th May 1961, were given in the January 1961 Journal, 

[ 35. 

: The five papers to be presented are: “The engineering 
aspects of the modernization plan for British Railways’ by 
R. C. Bond; ‘The contribution of civil engineering to the 
British Railways modernization plan’ by M. G. R. Smith; 
‘The impact of mechanical engineering on the British Rail- 
ways modernization plan’ by J. F. Harrison; ‘Electric traction 
in the British Railways modernization plan’ by S. B. Warder; 
and ‘British Railways modernization—signal engineering and 
telecommunications’ by J. F. H. Tyler. 

The conference is being organized jointly by The Institutions 
of Civil, Mechanical and Electrical Engineers. Application 
forms to attend the conference will be sent to members of the 
Supply and Utilization Sections of The Institution of Electrical 
Engineers during February 1961. Others wishing to attend 
should apply to the Secretary of The Institution of Civil 
Engineers. 


SYMPOSIUM ON ELECTRICAL 
CONTACTS 


FURTHER details are now available about the symposium on 
electrical contacts, at Brunel College of Technology, Acton, 
London W.3, from the Sth to 7th April 1961, which was the 
subject of a notice in the September 1960 Journal, p. 560. 

The symposium fee for members of The Institution is 10s., 
and must accompany the completed application form by the 
17th March 1961. The programme of the symposium covers 
principles, fundamental investigations and techniques, con- 
tact surfaces, materials and design, non-metallic contacts, 
and miscellaneous subjects. The programme and application 
forms to attend the symposium are obtainable from the 
Secretary, The Institute of Physics and The Physical Society, 
47 Belgrave Square, London S.W.1. 


EMPLOYMENT AND DEVELOPMENT 


THE Engineers’ Guild will hold a one-day conference on ‘The 
professional engineer—his employment and development’ at 
the Connaught Rooms, London W.C.2, on Wednesday, 
22nd March 1961. 

Further information may be obtained from the Secretary, 
Engineers’ Guild Ltd., 201 High Holborn, London W.C.1. 


PALAEOMAGNETISM 


A CONFERENCE On palaeomagnetism arranged by The Institute 
of Physics and The Physical Society will be held at King’s 
College, University of Durham, Newcastle upon Tyne, from 
2.30 p.m. on Thursday, 20th April, to midday on Saturday, 
22nd April 1961. 

The main topics of the conference will be: geophysical 
objectives in world-wide palaeomagnetic surveys, methods for 
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removal of secondary magnetization from lavas and sediments, 
the application of Néel’s theories to rock magnetism, and 
comparisons of inferences from palaeoclimatology and 
palaeomagnetism. 

Accommodation in one of the university’s halls of residence 
can be arranged for the nights of the 20th and 21st April for 
those attending the conference, provided that their applica- 
tions are received by the 10th March. Further information 
and application forms may be obtained from the Administra- 
tive Assistant, Physics Department, King’s College, New- 
castle upon Tyne 1. 


TELEVISION AND FILM TECHNIQUES 


A TWO-DAY convention on television and film techniques, 
jointly sponsored by the British Kinematograph Society and 
the Television Society, is to be held at Savoy Place on the 
20th and 2Ist April 1961. It will cover a range of new 
techniques that are becoming of common interest to 
workers both in films and in television. Several aspects of 
colour film and colour television will be included in the lecture 
programme. 

The fee for attending the convention is three guineas, and 
registration forms and further information can be obtained 
from the Convention Secretary, Television Society, 166 
Shaftesbury Avenue, London W.C.2. 


BRITISH ELECTRICAL POWER 
CONVENTION 


THE 13th British Electrical Power Convention will be held at 
the Winter Garden, Eastbourne, from the 12th to 15th June 
1961. Its theme will be ‘Electricity in the prosperity and 
welfare of the nation’. 

Sir John Pickles will give his Presidential Address on the 
12th June, and on the 13th there will be a paper by Sir 
Christopher Hinton on ‘The British electricity transmission 
system’ and one on ‘Some aspects of efficiency and economy 
in distribution’ by Mr. R. R. B. Brown. A paper on ‘The 
electrical power industry in Canada’ by Dr. A. E. Grauer and 
one on ‘British electrical manufacture in the national 
economy’ by Mr. S. F. Steward will be given on the 14th 
June. On the 15th June, there will be an electrical forum and 
the Annual General Meeting. 


PROCESS OPTIMIZATION 


THE 3rd Congress of the European Federation of Chemical 
Engineering, from the 20th to 26th June 1962 in London, 
which is being organized by The Institution of Chemical 
Engineers, will include three technical meetings. 

These are a three-day symposium on interaction between 
fluids and particles, a one-day symposium on the handling of 
solids, and a one-day meeting on process optimization. The 
latter meeting will cover operational research, automatic 
control, and the use of the computer. 

Further information may be obtained from the General 
Secretary, Institution of Chemical Engineers, 16 Belgrave 
Square, London S.W.1. 
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Announcements to members (continued) 


RADIATION PROTECTION 

THE 4th advanced course in the principles of radiation 
protection is to be held at the Reactor School, Atomic Energy 
Research Establishment, Harwell, from the 19th April to 
18th July 1961. The course is intended for graduates or 
persons of graduate standard either entering or already 
working in the field of radiological health and safety. It will 
cover a wide field of fundamental background knowledge 
and will deal with principles rather than with particular 
techniques. 

The theoretical part of the course consists of about 110 
lectures on basic scientific principles, principles of radiation 
protection, and general topics. In addition to visits to installa- 
tions at Harwell and at some of the other establishments of 
the Research Group, there will be a tour of some of the 
U.K.A.E.A. factories. The fee for the course is £250, exclusive 
of accommodation, and application forms and further 
details may be obtained from the Manager, Reactor School, 
Atomic Energy Research Establishment, Harwell, Berkshire. 


SCIENCE AND EDUCATION IN 
TELEMETRY 

THE organizers of the U.S. national telemetering conference, 
to be held in Chicago on the 22nd and 23rd May 1961 under 


the sponsorship of the American Institute of Electrica 
Engineers, the Institute of Radio Engineers, the American 
Rocket Society, the Institute of Aerospace Sciences and the 
Instrument Society of America, have intimated that they wil 
welcome the attendance of members of The Institution. 

The theme of the conference will be science and education 
in telemetry. Further details may be obtained from Mr, J, 
Becker, Department 32-29, General Motors Corporation, 
Milwaukee 1, Wis., U.S.A. 


MEDICAL ELECTRONICS 

THE 4th international conference on medical electronics will 
be held at the Waldorf-Astoria, New York, N.Y., U.S.A, 
from the 16th to 21st July 1961. 

This conference, combined with the 14th annual conference 
on electrical techniques in medicine and biology, is sponsored 
by the Joint Executive Committee on Medicine and Biology 
under the auspices of the International Federation for 
Medical Electronics. It is organized by the Institute of Radio 
Engineers. 

Papers are invited. The closing date for receipt of a 300-word 
abstract and 50-word summary of each contribution is the 
ist April 1961. Correspondence on papers should be addressed 
to Dr. Herman P. Schwan, Programme Chairman, Moore 
School of Electrical Engineering, University of Pennsylvania, 
Philadelphia 4, Pa., U.S.A. 





Electronic scanning of buses 


NOTHER five central-London bus routes—6, 13, 28, 31, 
or 73—are to be equipped with bus electronic scanning 
indicator (b.e.s.i.) equipment by London Transport. It is 
hoped to equip these additional routes by the end of 1961. 
The prototype, on route 74, has been in use for three years, 
and has been found to help considerably in minimizing 
delays and gaps in the bus service caused by traffic 
congestion. 


Equipment 

Scanners, spaced along each route, use a source of modula- 
ted light to produce a reflection from a_ bus-identification 
plate mounted on the side of the bus. False transmissions, 
caused by reflections from other light sources, are avoided by 
the use of the modulated light. 

The bus-identification plate is a strip of metal on which 
are mounted a number of reflectors, up to 11 in number, 
which represent the running number of the bus in binary 
code. In its latest form, the route number of the bus, in 
code, and its running number can be accommodated on one 
plate, allowing one scanner to deal with more than one 
route. 

The reflection, which represents the running number of the 
bus as a coded train of light pulses, is picked up by photo- 
electric equipment in the scanner and stored as electrical 
impulses in a local register. A number of these registers are 
looped in a single telephone circuit, and they are interrogated 
automatically in turn by equipment at the control centre. 


Display of information 


The decoded information is displayed, enabling a route 
controller to see, at a glance, on which section of road any 
bus is running at any time and the spacing of buses as a 
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whole. Quick remedial action can be taken when service 
regularity is affected. 

The basic principles of the system are unchanged from the 
prototype apparatus. 

An article entitled ‘Bus electronic scanning indicator’, 
describing the prototype equipment used on route 74, 
appeared in the February 1959 Journal, p. 95. 


NEW LINE EQUIPMENT 


NEW telephone trunk coaxial-line system recently intro- 

duced by the United Kingdom Post Office between 
Oxford and Birmingham makes it possible to carry 2700 
telephone circuits over two coaxial pairs in place of the 
previous maximum of 960. Alternatively, the new system can 
carry 960 telephone circuits and a high-quality television 
transmission. Similar systems are being installed between 
London and Oxford, and Bristol and Cardiff. 

At the terminal stations when the line is used for telephony, 
the telephone channels, by up to four stages of frequency- 
changing, are stacked into the line-frequency band of 312ke/s 
—12-34Mc/s. The signals are amplified every three miles 
along the route. At each amplifying point the gain is auto- 
matically controlled to compensate for the effects of changes 
in temperature of the cable. Additional over-all automatic 
regulation is provided to compensate for the effects of 
temperature changes in the amplifiers and to deal with the 
effects of valve ageing. 

Power for the intermediate stations is fed along the seme 
conductors as carry the speech signals. The Oxford- 
Birmingham route is fed with power from the terminal 
stations only. The voltage applied to the cable is 10000-1000, 
i.e. 1000 volts wire-to-earth and 2000 volts between conductors. 
Interlocking key-controlled switches are used to ensure the 
safety of staff working on the equipment and cables. 
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News from the Centres 





SHEFFIELD SUB-CENTRE 


Professional education 


Nn the 30th November 1960, a joint meeting of the 

Sub-Centre and the Graduate and Student Section 
discussed ‘The education and training of a professional 
engineer’. 

The discussion was opened by Prof. A. L. Cullen for the 
university, Dr. A. W. Ashton for the technical college and 
Mr. B. G. Cryer for the graduate. Both Prof. Cullen and 
Dr. Ashton pointed out that the educational requirements of 
a professional engineer were best met by either full-time or 
sandwich courses. New developments made the arranging of 
syllabuses difficult, and the constant problem was what to 
leave out. Fundamental training in electrical, mechanical and 
civil engineering and a knowledge of modern physical 
phenomena were essential before specialization should start. 


Surveillance 

Mr. Cryer posed some very interesting points and was 
critical of the way industry was training its graduate and 
student apprentices. These apprentices received their aca- 
demic grounding from professional teachers, but industry 
did not always put the practical training in the hands of fully 
qualified employees. 

The ensuing discussion was lively. One speaker suggested 
that each apprentice should be under the surveillance of a 
Corporate member, but other speakers recounted the practical 
difficulties of such an arrangement. There was no doubt that 
many felt that Corporate members should help apprentices 
whenever possible and that the latter should not learn by just 
looking on but should be encouraged to take responsibility 
and do a worthwhile job as soon as possible. G. H. D. 


Youth lecture a success 


The Committee launched their first Christmas Lecture for 
young people in Sheffield on the 4th January 1961. 

More than 1600 persons between the ages of 14 and 18 
attended, and it is no secret that the experiment was under- 
taken with a little apprehension. But any fears for its success 
were soon allayed when Dr. R. Feinberg started his lecture 
on ‘Colour television’, and it speaks volumes for his ability 
to have held the close attention of such an audience for 
I} hours. Mr. E. J. Lilleker, Sub-Centre Chairman, welcomed 
Dr. Whittaker, Vice-Chancellor of Sheffield University, who 
was the chairman for the lecture, and, in introducing the 
lecturer, Dr. Whittaker paid high tribute to Dr. Feinberg’s 
work and research ‘at a sister university’. 


From fundamentals to specifics 


The lecture started with the fundamentals of transmitting 
speech by telephone, and the mechanics of the human eye 
was then developed to show the similarity of sending both 
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sound and vision through space by means of electric waves. 
The demonstrations of primary and complementary colours 
and of their effect on the eyes had decided impact and were 
appreciated by the young people, especially the description 
of the colour change which took place in the eye itself. 
Closed-circuit television was used, and the lecture ended with 
an impressive demonstration of polarized light on the cello- 
phane wrapping from a box of chocolates. This phenomenon, 
which is not yet fully understood, may hold the secret to 
another forward step in the transmission of colour through 
space. 

The success of this first venture in Sheffield will almost 
certainly be repeated, provided that suitable lectures and 
lecturers can be obtained, and it is to be hoped that they will 
be forthcoming. J. W. S. 


WESTERN CENTRE 


Public electricity supply 


HE 1960-61 Session was most successfully inaugurated 

on the 10th October 1960 with the Centre Chairman’s 
Address. A capacity house of 114 members and 28 visitors 
filled the hall in Bristol. 

Mr. A. C. Thirtle’s subject was ‘Public electricity supply— 
its past and likely future development’ and was illustrated 
by very telling graphs showing the increase in units sold, the 
growth in Institution membership, and the expansion in 
fuel consumed during the past 35 years. The gradients of the 
curves showed a marked similarity, and it was questionable 
whether the graphs would ever show saturation. The future 
trends of relative proportions of nuclear and thermal power 
stations gave food for thought, and one wondered whether 
greater emphasis should not be given to the former. Mr. 
Thirtle stressed the limitless technical field for the engineers 
of the future. 


Electricity metering 


On the 10th November 1960, Mr. J. W. Skinner, emulating 
Daniel, delivered his paper ‘The measurement basis of 
electricity supply metering’ before the Centre at Cardiff. 
Into his paper Mr. Skinner compressed almost every known 
variation of metering and gave a very clear exposition of each 
type of connection. The discussion, opened by Mr. Parr, 
followed by Messrs. J. F. Wright, J. Harley and G. Minter, 
showed that many of the suggested methods had been used 
in the past, but that an objective approach to the subject had 
to be made from both a realistic and a commercial angle. 
This lively discussion showed the great interest that the 
topic had aroused. 

It is not out of place at this point to stress the wonderful 
work that is put into this Centre by all members of the 
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Committee. It is owing to their untiring efforts that the 
Centre is so flourishing. 


Transistors and all that 


On the 8th December 1960, all roads led to the Colston Hall 
and one of the major events of Bristol czcurred when Mr. L. J. 
Davies delivered the Faraday Lecture ‘Transistors and all 
that’. 

The hall’s capacity of 2100 seats was completely filled, and 
the Organizing Secretary spent the week preceding the 
lecture having to reply reluctantly that no seats were available. 

The lecturer was introduced by the Western Centre 
Chairman, Mr. A. C. Thirtle, who in his opening remarks 
stressed the debt modern civilization as we knew it owed to 
Michael Faraday, and that these lectures held in many of the 
large cities were a memorial established by The Institution 
to his contribution to this age. Mr. Thirtle said that this was 
the 34th lecture in Bristol and that the lecture was the first 
of this session’s series in the major cities of Great Britain. 

In his absorbing lecture Mr. Davies brought a highly 
technical subject, still in its infancy, down to the compre- 
hension of the audience and enthralled them with practical 
demonstrations of the application of transistors. The trans- 
istor used as a rectifier had unlimited capacity, and within a 
few years it would be capable of great power outputs when 
employed as an intermediate controller. 

The capsule type of transistorized transmitter captivated 
the audience, and special mention must be made of Mr. R. V. 
Mills who nobly swallowed such a transmitter—the amplified 
signals from it formed the climax of the lecture. 

The reply was made by Mr. G. H. Sylvester, the Chief 
Education Officer of the Bristol Education Committee, who 
represented the Lord Mayor; he gracefully acknowledged the 
clearly presented lecture on behalf of the audience. It was 
at the request of Mr. Sylvester that a repeat lecture was given 
on the following morning for the benefit of students from the 
College of Science and Technology and the Technical College, 
and for older pupils from grammar, comprehensive and 





other schools in the area. Once again it was a lecture toa 
packed hall. 


Up-to-date thinking 


Education came into its own when Mr. D. B. Welbourn 
delivered the paper ‘Engineering education at the technica] 
universities of Western Germany’ on the 12th December 
1960. The author amplified and brought up to date the 
original paper in the light of recent alterations: a tribute to 
the fact that education is never stationary. A review of this 
paper appeared in the December 1959 Journal, p. 718. 

The discussion was opened by Prof. G. H. Rawcliffe and 
was continued by several speakers. The views expressed were 
by no means unanimous, particularly as to who should have 
the ultimate control of potential graduates during their works 
experience: the division of thought between the practising 
industrial engineer and the theoretician was apparent. The 
lecturer was thanked by Mr. E. J. Mathieson. 


Annual Dinner and Dance 


The Committee have decided to hold the Annual Dinner 
and Dance at the Grand Spa Hotel, Bristol, on Friday, 
24th March 1961, and it is hoped that as many members as 
possible will keep this date open. 


Summer Meeting 


The Western Centre Summer Meeting will be held at the 
Carlyon Bay Hotel, Cornwall, from the Sth to 8th May 1961, 

The party will assemble on the Friday afternoon and 
disperse after breakfast on Monday, 8th May. In accordance 
with normal procedure, a full and varied programme will be 
arranged for members and their ladies. As the whole of the 
hotel is being taken over by the Centre for this period, it is 
hoped that as many members as possible will support the 
function. E. J. M. 


BULLETIN OF THE SECTIONS 


ELECTRONICS AND COMMUNICATIONS 
POPULARIZING TOPOLOGY 


O: the 12th December 1960, a specialist lecture on 
‘Topology concepts in network theory’ was given at 
Savoy Place by Dr. P. R. Bryant. The relatively large audience 
showed that much interest existed in this, at first sight, rather 
fearsome-sounding subject. The wealth of material available 
was such that Dr. Bryant could only cover the more ele- 
mentary aspects of topology, and show the connection with 
circuit theory. He illustrated the various points with the aid 
of an ingenious ‘circuit’ model, which could be manipulated 
to show diagrammatically the trees and co-trees of his theory. 
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The discussion which followed ranged over several aspects of 
circuit theory. 


Doing some homework 

Mr. S. Deards of the Cranfield College of Aeronautics, 
opening the discussion, claimed that the theory outlined by 
Dr. Bryant was essential to a systematic understanding of 
circuit analysis. He also claimed, and was not contradicted, 
that only at Cranfield was this method taught. 

The connection of Dr. Bryant’s topological work with the 
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work of Kron was discussed by several speakers. The practical 
application of the little-known rules of Kirchhoff and Maxwell 
to circuit analysis excited some interest, as a means of avoid- 
ing the algebraic evaluation of determinants. The whole 
atmosphere of the discussion led one to feel that network 
theory was not a thoroughly tied-up affair, with no further 
developments to be expected. 

After one or two speakers had asked for references, with 
the obvious intention of doing some homework, Dr. Bryant 
offered copies of his latest Institution monograph, and, 
judging by the number of people who took advantage of this 
offer, his efforts to popularize the subject may have been 
successful. K. 8. 3. 


SATELLITE 
COMMUNICATION 


IHERE were very few empty seats in the Lecture Theatre 

at Savoy Place when Mr. W. J. Bray gave his lecture 
on ‘The potentialities of artificial Earth satellites for radio- 
communication’ on the 30th November 1960. This was 
to be expected. First, it was a subject of wide interest, not 
only to members of the Section and of The Institution as a 
whole, but also to engineers in other fields such as aero- 
nautical engineering, as was shown by the large number of 
visitors. Secondly, Mr. Bray was an acknowledged expert, he 
had just returned from the United States, where he had been 
discussing satellite communication as a member of the 
visiting British team, and he was well known as an accom- 
plished and interesting speaker. 

Mr. Bray confined his lecture to the civil uses of satellites, 
describing the rapidly increasing growth in world-wide 
telephone communication, for which h.f. radio offered no 
solution because of limited bandwidth and overcrowding of 
the available spectrum, while submarine cables were inflexible 
and provided insufficient bandwidth for television, although 
this could be possible in future designs. The use of artificial 
Earth satellites for communication had been suggested as 
long ago as 1945 by A. C. Clarke, who advocated the 
stationary-orbit type. Since then, many people had studied 
the problem, and the work of J. R. Pearce of Bell Telephone 
Laboratories was outstanding. 


Pros and cons 


Satellite systems could operate in the as yet less crowded 
part of the spectrum, between 1000 and 10000M¢c/s, and 
could provide hundreds of telephone channels and enough 
bandwidth for television. They could also handle telegraph 
and data circuits and would be suitable not only for fixed 
point-to-point communication, but also for applications in 
mobile communication, such as to ships and possibly aircraft. 
The lecturer mentioned, however, some of the limitations of 
satellite communication, including its liability to interference 
and interception. 

Satellites could co-operate with and supplement the complex 
national networks, with their elaborate requirements for 
switching, dropping and inserting channels, but would not 
replace them. Satellites offered much greater flexibility in 
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operation than submarine cables, which, however, would 
still be used for their own special advantages. 

A valuable survey was then given of the many arrangements 
possible for projected satellite systems, including their 
advantages and disadvantages. Alternative orbits could be 
used: high or low altitude; equatorial, inclined or polar; 
circular or highly elliptical. Low-altitude satellites had to be 
‘tracked’; high altitude ‘fixed’ satellites gave a time-delay 
which might be troublesome for two-way telephony. With 
each type of orbit, world-wide coverage needed a number of 
satellites. This number was increased if the positions in orbit 
were random, and was reduced if more complex ‘station- 
keeping’ satellites were used, the positions of which could be 
controlled. 

A comparison was made between passive and active 
satellites, showing the extent to which the use of the latter 
effected a reduction in the aerial size and transmitting power 
of the ground station. The use of a passive satellite was very 
well illustrated by the playing of a recording of President 
Eisenhower’s message that had been transmitted via the 
Project Echo satellite. This was the 100ft aluminium-coated 
sphere, put into orbit on the 12th August 1960, which was the 
first satellite to be used for a transcontinental radio link. 


Problems for solution 


Mr. Bray outlined the various modulation methods that 
could be used and explained how multi-station operation 
could be achieved by either time-division or frequency- 
division techniques. He pointed out some of the many 
equipment-design problems that would have to be solved— 
in particular, the power supply in the satellite and the 
steerable aerial system on the ground. He stressed the need 
for frequency planning and for international agreement in 
this field. 

Satellite communication was technically feasible, but many 
problems remained, including those of getting the satellite 
into the desired orbit and of subsequent position and atti- 
tude control. Within the next 20 years, world-wide broad- 
casting and television might be given directly to the listener 
from a satellite relay. This would necessitate great power 
from the satellite if the listener’s aerial and receiving equip- 
ment were not to become too complicated. A film made in 
the United States by the National Aeronautics and Space 
Administration, on the launching of Project Echo, was 
shown and gave some impression of the magnitude of this 
side of the problem. 


Opposing schools 

Sir Robert Cockburn opened the discussion by compli- 
menting the lecturer on his realistic appraisal of satellite 
radiocommunication. Evoking his radar experience, he asked 
whether a cloud of reflecting dipoles would not provide a 
very much larger equivalent reflecting surface than a sphere. 
Mr. Bray, in his reply later, said that small dipoles had many 
limitations, including bandwidth and multipath effects. 
Dr. W. F. Hilton, who represented the interests of aero- 
nautical engineers, discussed the problem of damage to solar 
cells by radiation in the Van Allen belts. He said that there 
were two opposing schools of thought: one that said that 
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there would be damage and one that said that there would 
not. Evidence to support both these theories was being 
collected. 

Capt. C. F. Booth emphasized that the situation might well 
be very different in a year’s time. He endorsed the lecturer’s 
opinions with one proviso, namely that television direct from 
satellite to viewer should be considered as highly speculative. 
Dr. R. L. Smith-Rose also dealt with the television aspect, 
on which he said the Pilkington Committee had not been 
given a lead! Mr. D. J. Holloway pointed out how important 
it was to conserve decibels and consequently to consider the 
use of speech-bandwidth compression and more sophisticated 
modulation or coding systems in order to get nearer the 
ultimate given by Shannon’s law. 


How long? 
The question of the time-scale for the introduction of 


MEASUREMENT AND CONTROL 
DIGITAL REPRESENTATION 


r. L. Airey introduced the subject ‘Digital transducers’ 

for discussion at Savoy Place on the 20th December 
1960. The lively exchanges which followed proved Mr. Airey’s 
prediction that it is difficult to separate the title from the 
general problem of analogue versus digital measurement. 
Digital transducers have an average accuracy within 0-1 %, 
and their price is intermediate between those of direct- and 
feedback-type analogue transducers. 

For industrial control, 1° is usually adequate and 
analogue measurements are mostly satisfactory; but for test 
gear, digital transducers have the advantage of constant 
accuracy over the measuring range. The best known example 
is the contact digitizer, but this is likely to be replaced by 
optical or magnetic digitizers. An ingenious pneumatic- 
contour digitizer was developed in Mr. Airey’s laboratory. 
Digital transducers, using an intermediate analogue stage, 
can be very reliable, for instance mercury-operated photo- 
electric pressure transducers. 


Too high a price 
In the discussion it was stated that cadmium sulphide cells 
were too slow for d.c. operation and were likely to be replaced 


SUPPLY 
CABLES ASUNDER 


HE meeting at Savoy Place on the 14th December 1960 
had a large audience associated with cables, including 
visitors from the Continent. The thoroughness of work 
carried out by the E.R.A. was again demonstrated by Messrs. 
L. Gosland and R. G. Parr in their paper ‘A basis for short- 
circuit ratings for paper-insulated cables up to 11kV’, 
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satellite systems was raised by many speakers. Sir Rober 
Cockburn suggested that in this country it might be long # 
based on satellites that could be put into orbit by an aug. 
mented Blue Streak, or short if more ambitious ideas op 
United States lines were adopted. Mr. G. K. C. Pardoe was 
bold enough to postulate three to five years for a partial system 
and five to seven years for a world-wide. system. Maj.-Gen, 
Thuillier, who led the British satellite team to the United 
States, emphasized that his estimate of 15-20 years, given og 
his return, was for a world-wide system for public use. He 
felt that whether this, or the more ambitious forecasts, 
would prove to be correct was anybody’s guess. 

Those fortunate enough to attend participated in a 
historic event. The Chairman, Mr. T. B. D. Terroni, in 
thanking Mr. Bray for his admirable lecture, echoed the 
thoughts of all those present when he said that it would not 
be the last on this subject. R. G. M, 


by silicon cells, which at present required much light. Shaft 
digitizers giving a 132000-position resolution could be 
designed, said Mr. D. S. Evans. 

Mr. E. J. Petherick mentioned a new American transducer 
which used a radiation source. There existed in the United 
States a 2!° division-per-turn digitizer costing £5000 and a 
200-position digitizer costing approximately £100, which 
price was still too high. 

Dr. A. Nemet and Mr. W. H. P. Leslie spoke of moiré- 
fringe digitizers, which had the merit of being accurate and 
simple. In opposition, Mr. W. Bamford and Mr. R. F. 
Colville pointed out that these, like all counting systems, had 
the disadvantage of requiring constant monitoring and were 
thus not very suitable for time-sharing applications. Mr. Leslie 
referred to a shaft-position transducer based on the electro- 
static principle which allowed 360000 positions of one turn 
to be resolved. 

Mr. G. W. Aylott and Mr. T. Roberts contributed to a 
most lively exchange in which nine persons participated. It 
was clear that this was a topic of interest to an increasing 
section of the instrument industry and one which could well 
be the subject of further meetings. A.N. 


covering unscreened lead-sheathed cables. A short review of 
this paper appears on p. 104. After Mr. Gosland had intro- 
duced their paper, he screened a spectacular slow-motion 
film showing short-circuit tests on 11kV 3-core cables sub- 
jected to a loading of thousands of amperes, the squirming of 
the cables before sheath bursting, and the spectacular bursting 
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of the sheath and bird-caging of the three cores at some 
41kA. 

The significance of the E.R.A. results and their practical 
application by the distribution engineer were admirably 
brought out in Mr. G. S. Buckingham’s companion paper 
‘Short-circuit ratings for mains cables’, which the author 
introduced following the film. This paper is reviewed on p. 103. 


No widely divergent views 

In the active discussion of both papers, Mr. L. H. Welch 
emphasized the point made by Mr. Buckingham that, from 
the short-circuit-rating aspect, steel-tape armour was useless, 
but a clear-cut case was made for well protected and bonded 
steel-wire armour. Mr. P. M. Hollingsworth dealt with the 
influence of the lead-sheath temperature on the short-circuit 
ratings, the use of thinner lead sheaths on the Continent, and 
the possible importance of aluminium sheaths for removing 
such limitations. A plea for the early extension of the E.R.A. 
work to e.h.v. and pressure-assisted cables was made by 
Mr. R. S. Orchard. 


CITY LIGHTS 


T the Ordinary Meeting at Savoy Place on the Ist Decem- 

ber 1960, Mr. W. R. Stevens, with genial informality, 
delivered the lecture ‘Our civic lighting—gloom or gaiety?’ 
in support of his joint paper with Mr. H. M. Ferguson 
entitled ‘A survey of street lighting and its future’. The 
President was in the Chair. An article based on the paper 
appears on p. 100. 

If the paper contained little new, the novel method of 
demonstrating to a large audience the effects of road surfaces, 
lantern distribution and position, by means of closed-circuit- 
television reproduction of a model on the stage, was most 
effective. 


Carriage to car 
The main points driven home by the lecturer were: 


1. The necessity to reduce spacing/height ratio with modern 
non-skid road surfaces 

2. The increased glare from high-angle-beam lighting installa- 
tions with these surfaces 

3. The increase in light per lantern required as the distribu- 
tion was changed from high-angle through medium-angle to 
cut-off distribution 

4. The restriction on good lighting practice imposed by 
undue economy and complicated administration. 


The final slide, a time exposure of The Mall to include car- 
lighting streamers, deftly emphasized the changed conditions 
from the carriage to the car age with which street lighting 
was now concerned. 
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Mr. W. H. L. Lythgoe, after observing Mr. Buckingham’s 
reference to the published work of S. W. Melsom in 1937, 
gave a brief history of the short-circuit rating of cables, with 
the underlying reasoning employed in the absence of adequate 
testing facilities. 

Other speakers referred to the higher conductor tem- 
peratures used in short-circuit ratings in the United States 
and many Continental countries, the possible effects of 
using auto-reclosure equipment, and the possible impact on 
rating of the use of aluminium conductors and sheaths. After 
support for h.b.c. fuses as the only satisfactory protection of 
the smaller-conductor I.v. cables, and larger conductors for 
h.v. cables, Mr. P. d’E. Stowell sponsored his theory that in 
l.v. distribution networks it was impracticable to achieve a 
short-circuit current exceeding 13-1kA. 

The general conclusion, after hearing the excellent replies 
of the authors, was that both papers had added to the factual 
knowledge of the engineering art and, as such, had not 
provided the opportunity for widely divergent views in the 
discussion. O. W. M. 


LONDON REPORT 


ORDINARY MEETING 


When the meeting was thrown open to discussion, Dr. 
J. W. T. Walsh, describing the work of the 1937 Committee, 
reminded us that the Code had now stood for some 20 years, 
and that since the cost of lighting a stretch of road was 
now 1/20th that of earlier days, one would expect considerable 
improvements to be practicable. The authors were suggesting 
that the spacing/height ratio should be reduced from 5: 1 to 
4:1 and lower; he mentioned that Trotter, in his paper on 
the early lighting in London in 1892, suggested that a ratio 
of 4:1 was a reasonable compromise figure. He felt that, 
with wider roads, greater mounting-heights with some 
reduction in spacing/height ratio and more light per lantern 
would probably be one of the best ways of achieving 
improvements. 


Mercury vy. sodium 


Mr. H. R. Ruff regretted that the authors, while suggesting 
higher mounting-heights and more lumens per point, had 
made no reference to the introduction of higher-lumen 
sodium lamps by Britain during 1959. These had now been 
extensively used for wide-road lighting by many lighting 
engineers. 

He believed that, for post-war installations, high-angle- 
beam lanterns had already been considered generally un- 
suitable, but did not the lowest-tender-price limitation 
tend to squeeze all medium-angle-beam lanterns dangerously 
close to the upper specification requirements ? 

In the revolution from high-angle-beam lighting, there 
could be a danger of this country swinging to too severe a 
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cut-off system at a time when the Continental practice seemed 
to be favouring some relaxation. He had had the pleasure of 
inspecting high-power sodium lighting with some Continental 
friends; they had felt that, with the good medium-angle-beam 
lanterns employed, the glare was satisfactory and the lighting 
good. 

The high-brightness glare demonstration seemed to suggest 
that, since the apparent brightness of the mercury light was 
reducing at a more rapid rate than that of sodium light, the 
very low brightness of shadows and dark objects on a road 
would cause these to appear much brighter in sodium light. 
Owing mainly to the Purkinje effect, the reverse was in 
fact true. Under the lowest levels, the sodium lighting had 
to be increased up to six times before the dark object 
apparently matched one lit by mercury light. This resulted 
in increased contrast, which was probably the basis for some 
European suggestions that the ratio of mercury light to 
sodium light needed to be 1-6: 1 to give the same contrast 
in street conditions. 


An improved Code 

Mr. H. Jackson described a practical example of a 
20000lumen linear sodium-lamp installation with a 35ft 
mounting height and a spacing/height ratio of approximately 
4-5: 1. Nearly two miles of dual carriageway had been lit at 
a cost of £3000 per mile of single roadway with a running 
cost of £790 per mile. He had driven through this installation 
many times during a full year’s operation. He considered it 
one of the best, if not the best, in this country. The absence 
of glare was remarkable, and the ease of seeing, even on 
a rough surface and in adverse weather conditions, needed 
to be experienced to be believed. In view of the very high 





quality and general comfort, he felt that any expenditug 
for raising levels to 10000 or 20000 lumens per 100ft coulg 
scarcely be justified. 

Mr. G. S. C. Lucas asked whether, since Mr. Stevens hag 
expressed regret that he had had to go to the Continent for 
an illustration of the parapet-lighting technique for bridges 
the authors would be recommending it for Waterloo o, 
Westminster Bridge in modern traffic conditions and, if so, 
whether it would be in the interests of pedestrians, motorists, 
or the lighting authority. Did not the authors agree that it was 
a pity that architectural considerations should so restrict the 
lighting engineer that he could not do a really satisfactory job? 

Mr. G. F. Freeman referred to the pioneering work with 
sodium cut-off lighting done in Liverpool 23 years ago. 

Mr. F. S. Beggs asked whether the search for anti-skid 
surfaces had not moved the choice beyond the optimum 
compromise between skidding and surface response to 
lighting. For the review of the Code, Mr. G. K. Lamben 
asked whether improved Group B lighting could not be 
stimulated by an increase in the mounting-height from 15ft 
to about 17ft 6in., enabling lamps to overhang the kerb 
safely where necessary. 

Mr. F. C. Smith said that, with the changing scene, there 
must be a sense of urgency in getting the improved Code. 
Mr. J. F. Pickup mentioned visual-acuity tests at high 
lighting levels, and Mr. Robinson thought that, in mist, 
amber sodium light appeared more welcoming than bluish- 
white lights. Mr. Ferguson ably replied to most of the points 
raised. 

The Utilization Section is to be congratulated on its timing 
in putting forward a paper on this subject, with the present 
Code under review. H. R. R. 


After his Christmas Holiday 
Lecture, Dr. R. L. F. Boyd 
explains more about his 
subject ‘Space research by 
rocket and satellite’ to some 
of his audience. The photo- 
_ graph, which features one 
of the pieces of apparatus 
used in the demonstrations, 
was taken in the Lecture 
Theatre at Savoy Place on 
the 3rd January 1961. In 
his lecture, Dr. Boyd had 
stressed that, at the 
moment, it was not a 
question of finding enough 
rockets in which to carry 
out experiments, but of 
instrumenting the available 
ones 
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DISTRICT MEETING AT READING 


SPEEDING THE MAILS 


r. R. N. Hamilton presided at the second meeting of 
Mite session, at the George Hotel, Reading, on the 
21st November 1960, when Mr. G. P. Copping gave his talk 
‘Electronics in the postal mail services’. 

Mr. Copping began by describing the six stages involved 
in handling a letter: collection, getting ready for sorting, 
outward sorting, transport, inward sorting, and delivery. 
Mechanical aids had been used in the postal services for quite 
some time, such as motor transport and aeroplanes for the 
transport of the mail, and conveyors and bundling and stamp- 
cancelling machines in the sorting office; but the major part 
of the work was still carried out manually, and the most 
tedious and costly operation, in terms of manpower effort, 
was the sorting, where the large majority of the approximately 
10000 million letters handled annually in Britain had to 
be classified three or four times between collection and 
delivery. 

During the last ten years, a number of postal administra- 
tions, including the British Post Office, had been devoting 
much thought and experimental effort to the problems of 
mechanizing sorting and reducing the number of manual 
sorting operations involved in the handling of each letter. 


ALF 


When the letters were received in the sorting office, the 
first problem was to segregate the larger from the smaller 
and to arrange the letters with the stamps all in the same 
position so that they could be cancelled by machine. Mr. 
Copping described ALF (Automatic Letter Facing Machine) 
and showed a film illustrating ALF’s operation. ALF, which 
was in operation at Southampton, separated the small 
from the large letters and then, by combination of mecha- 
nical and electrical means, rearranged them to ensure that 
they were all faced with the stamp in the top right-hand 
corner. 

Special stamps were on sale in the Southampton area, 
originally with graphite lines on the back but now with 
invisible phosphorescent-ink lines on the face (one on the 
2d. stamp and two on the others), and ALF not only recog- 
nized the position of the stamp and so rotated the letter to 
get it in the correct position, but also discriminated between 
printed matter with a 2d. stamp and other mail. The graphite 
lines enabled this test to be carried out electrically, as the 
graphite itself was conducting—today phosphorescent-ink 
lines enabled the test to be carried out photoelectrically. 
After they had been through ALF, letters were ready for the 
stamp-cancelling machines and for sorting. 

In the United Kingdom there were some 1700 post towns. 
It was not possible or necessary to have a separate selection 
from each main office to each of the other 1700, but the 
number of selections to be made varied between 100 at the 
smaller post towns and 1000 at the main sorting office in 
Mount Pleasant, London. At present, with manual sorting, 
the maximum number of selections that an individual could 
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make at any stage was 48, and the reason for more than one 
sorting stage at the main offices was obvious. 


ELSIE 


Sorting, in itself, was a tedious and tiring operation, and 
the problem had been to develop a machine which would 
reduce the drudgery and, at the same time, speed up the 
sorting operation and increase the number of selections that 
could be made at the initial sorting stage. The ideal would 
have been a machine that could not only ease the sorting 
work and extend the initial sorting range, but also ensure 
that all subsequent sorting operations could be carried out 
entirely automatically. 

ELSIE (Electronic Sorting and Indicating Equipment) had 
been developed towards this end. This type of machine was 
controlled directly by an operator, who could sort up to 
120 selections by operation of a keyboard, and 17 units of 
this equipment were in use at this time, nine at Norwich. 

At Luton, a further step had been taken to the ideal. Here 
the operator sat at a unit, termed a coding desk, with a 
number of keys in front of him, and the letters were brought 
mechanically to a window through which he could read the 
address. He keyed the first three letters and the last two of 
the post town, and this operation marked the envelope by 
virtually invisible phosphorescent dots. These dots indicated 
a code to a modified ELSIE machine, which read the patterns 
and sorted the letters automatically, according to their 
destination. By the use of electronic translating equipment, 
it was possible readily to make up separate consignments, 
where these were justified, and to route other letters into 
bulk bags for the nearest major post towns. 

At these towns the letters could be again put through an 
automatic machine, and translating equipment would ensure 
that they were sorted into the correct bags from those offices, 
without any other human operation having been involved. 
The same machinery could be used for sorting the letters 
electronically at the office of delivery. Here the operator 
would read the name of the street, and type on his keyboard 
the first two and the last two letters of the street name and 
the first letter of the type of thoroughfare. The coding machine 
would again stamp on the envelope a further series of 
phosphorescent dots, representing the street of delivery and 
the postman’s round, and the sorting machine would then 
automatically sort the letters ready for delivery by the 
postman. 

At Norwich another experiment, which should ease the 
local sorting problem, was being carried out with the 
co-operation of the public. Here each street and house in it 
had been given a code, and members of the public were asked 
to use this code on their letters. The operator could then key 
this code direct, without having to work out the letter 
abbreviation. Both experiments involving the use of ELSIE 
at Norwich and at Luton were proving successful, and the 
two experiments would shortly be combined. 

Mr. Copping described how electronic control was the 
heart of the various machines, and subsequently showed a- 
very interesting film which illustrated their operation in 
detail. He also gave an account of parcel-sorting machines 
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that were being tried out at Leicester, and concluded his 
extremely interesting address by a practical demonstration 
of how the phosphorescent dots showed up on letters after 
they had been exposed to ultraviolet light. 

The talk stimulated quite an interesting discussion, and, 


News from abroad 


TRINIDAD AND TOBAGO GROUP 
OF PROFESSIONAL ENGINEERS 


Successful inauguration 


T= inaugural meeting of the Trinidad and Tobago Group 
of Professional Engineers sponsored by The Institutions 
of Civil, Mechanical and Electrical Engineers was held on 
the 2nd December 1960 at the Naparima Club in San 
Fernando. 

Sixty-four people were present. Apart from members of the 
sponsoring institutions, there were engineers from 10 other 
engineering societies—British, Dutch, and American. 


A firm foundation 


The formation of the Group was most enthusiastically 
received. To start the proceedings, two films were shown— 
‘British news’ and ‘Inquisitive giant’—the latter being the 
story of the Jodrell Bank radio telescope. The Chairman, 
Mr. K. W. Finch, then explained the objects of the new Group, 
and the Honorary Secretary, Mr. D. P. J. Holbrook, read 
extracts from the Regulations and explained that the present 
officers and Committee would remain in office until the next 
Annual General Meeting in April 1961. 

Informal proceedings continued until 10.30 p.m. in a very 
cordial atmosphere. In all, it was a most successful meeting, 
which will form a firm foundation for the future. D. Pp. J. H. 


QUEENSLAND OVERSEA COMMITTEE 


Christmas luncheon 


O: Queensland annual Christmas luncheon was held on 
the 8th December 1960 in the Maple Lounge, Brisbane, 
where air-conditioning added greatly to personal comfort at 
that time of year. 

Mr. A. S. Faulkner presided and expressed his pleasure at 
being able to welcome to the gathering the record number of 
44 members. After the Loyal Toast, the Chairman introduced 
the guest speaker, Prof. A. F. Wilson, Professor of Geology 
and Mineralogy at the University of Queensland. Prof. Wilson 
gave a short and interesting address on precious stones, 
dealing with methods of identification and comparing 
properties. He was able to illustrate his talk by amusing 
references to the discomfiture of unscrupulous gem dealers 
when confronted with the evidence of tests performed with 
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when time inexorably caused this to end, Mr. J. L. 
warmly thanked Mr. Copping for his able and lucid t 
well backed up by film, which had opened a window og 
aspect of a public service which we normally did not 
about but took for granted. R. Nu 


simple instruments, such as pocket refractometers 
spectroscopes. 

A vote of thanks was proposed to the speaker by Mr, 
Lohning and was carried by acclamation. ° 


Looking back—and forward 

Sir Albert Axon asked the assembly to join him in a te 
to the Oversea Representative of the Council, Mr. J. S. J 
and to our Chairman, Mr. Faulkner, who had individ 
rendered long and devoted service which had resulted in the 
considerable success of The Institution in Queenslan@ 
Sir Albert made particular reference to the service of Mm 
Just and congratulated him on the attainment of his 80& 
birthday. 4 

Mr. Just explained that he looked back—and forward=—= 
with pleasure to his association with The Institution, and f t 
that, as one of his continuing interests, this had contribut 
in no small measure to the activity and good health he | 
been fortunate enough to maintain. 4 

Mr. Faulkner supported Mr. Just’s remarks and thank 
the assembly for their good wishes. w. 1. Ge 
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OVERSEA ATTENDANCE REGISTER 


DURING the period 19th December 1960 to 16th January 1961, th 
members called at the Institution building and signed the Attendan 
Register of Oversea Members: 


ARCHER, R. A. (Bombay) 

BOOTH, G. H. (Ottawa, Ontario) 
CLEGG, J. E. (Brighton, S. Australia) 
COLLARD, J. G. (Burlington, Ontario) 
GRIFFITHS, J. H. (Dar es Salaam) 
HAYWARD, G. O. (Tafo, Ghana) 
HIGGINS, K. G. (Lagos, Nigeria) 


HOLLEY, R. J. (Selangor, Malaya) 
NZEGWJU, T. I. 0. (Lagos, Nigeria) 
PUGSLEY, E. R. J. (Baghdad) 
SHEARMAN, BETTY (Tehran) 
WATT, S. G. J. (Bombay) 
WILLSON, S. R. (Kuala Lumpur, 
woop, H. B. (Sydney) 





NUCLEAR TRANSLATION POOL 


A— to pool efforts to collect and disseminaté 
information concerning translations of nuclear litera 
from such languages as Russian and Japanese has been take ; 
by the U.K. Atomic Energy Authority, the U.S. Atomig) 
Energy Commission and the European Atomic Energy Come; 
munity (Euratom). j 
‘Transatom’, a central information office, has beei 
established for this purpose at Euratom’s headquarters i 
Brussels. It publishes a monthly bulletin which lists existing) 
translations reported as well as new ones planned by inte} 
national or national institutions and private firms. All date 
relating to translations are recorded in a master file system), 
and copies are available to appropriate institutions. 3 








